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(54) MAGNESIUM BASE COMPOSrTE MATERIAL 

(57) The present invention provides a magnesium- 
base composite material capable of suppressing coarse 
growth of a crystal particle size of a magnesium matrix 
and MgjSi particles, thereby providing excellent me- 
chanical properties such as strength and hardness, and 
a manufacturing method thereof. The manufacturing 
method includes the steps of: blending matrix powder 
containing Mg and Si powder to obtain a blended matter 



applying a pJasticizetion treatment to the resulting 
blended matter to form a solid body; heating the solid 
body to allow Mg and Si to react with each other to form 
a heat solid body containing Mg^i; and applying a 
warm plasticizatlon treatment to the heat solid body. 
Thus, it is possible to provide a magnesium-base com- 
posite material having a tensile strength from not less 
than 100 MPa to not more than 500 MPa. 
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©©scripton 
Technical Field 

5 pDOflM] The present Invention relates to a magnesium-base composite material having excellent mechanical proper- 
ties, such as high tensile strength and high hardness, and high rigidity If desired, as well as excellent corrosion resist- 
ance, and a manufacturing method thereof. 

Background Art 

10 

[0002] Conventionally, with respect to a magnesium-base composite material in which magnesium silicide (Mg^i) 
grains are dispersed, various studies and researches have been vigorously conducted. For example, Japanese Patent 
Laying-Open No. 6-81088 has disclosed a manufacturing method of a magnesium-base composite material in which 
upon injection-molding magnesium alloy containing a large amount of Si component in a semi-molten state, an Mg 
matrix and Si are allowed to react with each other to synthesize M^Si end these ft/^Si grains are dispersed. 
[CW3] Moreover, Japanese Patent Laying-Open No. 8-41584 has disclosed a magnesium-base composite material 
obtained by a casting method in which MfeSi grains and SIC grains are dispersed. Furthermore, Japanese Patent 
Laying-Open No. 2000-17352 has disclosed a magnesium-base composite material in which spherical Mg^i grains 
are dispersed, and a casting method thereof. 

Disclosure of the Invention 

[MKI] However, any of these manufacturing methods relating to the magnesium-base composite material are based 
on dissolving methods such as a casting method and an impregnating method. In other words, in these methods, 

6 magnesium or magnesium alloy, constituting a matrix, is one© dissolved, and then subjected to coagulating and solid- 
ifying processes. Consequently, a coarse growth in the crystal grains size of the magnesium matrix and Mg 2 Si grains 
is observed, and subsequent degradation in mechanical properties such as strength and hardness is observed. 
P5| Moreover, the above-mentioned manufacturing methods based on the dissolving method are inevitably sus- 
ceptible to an increase in energy consumption, resulting in problems with costs. 

30 Furthermore, there have been strong demands for light-weight products in structural machining parts such 

as motorcycle parts, car parts and electric appliance parts, and welfare caring products such as wheel chairs and 
caring beds, and ftflg alloy has been applied to these products. However, in order to apply Mg alloy to these parts and 
products, it is necessary to greatly improve the corrosion resistance of the Mg alloy and, in particular, mechanical 
properties thereof, such as tensile strength, hardness and rigidity (Young's Modulus). 

3$ [00(57] It is an object of the present invention to provide a magnesium-base composite material capable of suppress- 
ing the coarse growth of a crystal grains size of a magnesium matrix and Mg2Si grains, thereby providing excellent 
mechanical properties such as strength and hardness and high corrosion resistance. 

[MM] Moreover, In addition to the above-mentioned object, it is another object of the present invention to provide 
a manufacturing method for a magnesium-base composite material which provides reduced costs lower than those of 

40 the above-mentioned dissolving methods. 

[©©OSQ Furthermore, In addition to the above-mentioned objects, it is still another object of the present invention to 
provide a precursor of the magnesium-base composite material, and a manufacturing method thereof. 
[0010] Furthermore, in addition to the above-mentioned objects, it is yet another object of the present invention to 
provide a Mg-base composite material having improved mechanical properties, such as, in particular, strength and 

is hardness, and rigidity (Young's Modulus) If necessary as well as corrosion resistance, and a manufacturing method 
thereof. 

[001 U] After extensive research efforts, the present inventors have found that it is possible to achieve the above- 
mentioned objects by using a manufacturing method of a magnesium-base composite material based on a powder 
metallurgical method without depending on the conventional cast-dissolving method. 

so [0012] In one aspect of the present invention, the present inventors have found that, during a process of press- 
forming mixed powder of matrix powder containing Mg and Si powder, an oxidized coat film (MgO) on the Mg-pcwder 
surface is mechanically broken and separated to form active Mg newly-generated faces so that the contact area to the 
Si powder is increased to allow the reaction between the two materials to progress in a solid-phase temperature range 
of not more than the melting point of Mg. On the basis of this knowledge, they have found that, by dispersing SI powder 

65 in the surface and/or the inside of the matrix powder containing Mg, it is possible to form a state where the Si powder 
and the matrix powder containing Mg are made in closely contact with each other without MgO being located there- 
between and, consequently, to allow the reaction between Mg and Si to progress easily. 

[0013] Moreover, the present inventors have found that the product obtained from the above-mentioned reaction in 
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a solid-phase temperature range not more than the melting point of Mg is further subjected to a warm plasiitizaiion 
treatment, so that H becomes possible to provide an Mg-base composite material having improved mechanical prop- 
erties, such as, in particular, strength and hardness, end rigidity (Young's Modulus) if necessary as well as corrosion 
resistance. 

s [©010] More specifically, the present Inventors have devised the following inventions: 

<1 > A manufacturing method of a magnesium-base composite material, comprising the steps of: preparing mixed 
powder by blending matrix powder containing magnesium (Mg) and sOicon (Si) powder; filling a container with the 
mixed powder and applying a pressure to the powder to form a compressed powder molded body having a void 
10 content of not more than 35%; and heating and maintaining the compressed powder molded body in an inert gas 

atmosphere or in a vacuum so that Mg in the matrix powder and Si powder are allowed to react to produce mag- 
nesium siGtide (Mg^i). 

<2> Preferably, in the above-mentioned method <1>, MgaSi is dispersed in the magnesium-base composite ma- 
terial. 

15 <3> Preferably, in the preparation step of the above-mentioned method <1 > or <2> f a ratio of (weight of Si powder) 

/(weight of Mg In matrix powder) is set to not more than 35.6/53.4, more preferably not more than 10/80. 
<4> Preferably, in any of the above-mentioned method <1 > to <3>, a heating temperature is set to not less than 
350°C. 

<5> Preferably, In any of the above-mentioned method <1> to <4>, Mg^i Is set to not less than 3 wt%, more 
20 preferably not less than 5 wt%, with respect to 1 00 wt% of the magnesium-base composite material. 

<6> A magnesium-base composite material precursor formed by blending matrix powder containing magnesium 
(Mg) and silicon (SO powder, tne magnesium-base composite material precursor having a void content of not more 
than 35%. 

<7> Preferably, in the above-mentioned precursor <6>, the precursor has a heat-generating peak, derived from 
& MgjSi, of 150 to 650°C, more preferably 350 to 650° C, in differential scanning calorimefry (DSC) measurements. 

<8> Preferably, in the above-mentioned precursor <Q> or <7>, the precursor has a ratio of (weight of Si powder)/ 
(weight of Mg in the matrix powder) of not more than 35.6/63.4. 

<9> A magnesium-base composite material precursor formed by Wending matrix powder containing magnesium 
(Mg) and silicon (Si) powder, the precursor having a heat-generating peak, derived from Mg 2 Si, of 150 to 650°C, 
30 more preferably 350 to 550°C, in differential scanning calorimetry (DSC) measurements. 

<1 0> Preferably, in the above-mentioned precursor <Q>, the precursor has a ratio of (weight of Si powder)/(weight 
of Mg in the matrix powder) of not more than 36.6/63.4. 

<11> A manufacturing method off a magnesium-base composite material precursor, comprising the steps of: pre- 
paring mixed powder by blending matrix powder containing magnesium (Mg) and silicon (Si) powder; and tiffing a 
35 container with the mixed powder and applying a pressure to the powder to form a magnesium-base composite 

material precursor having a void content of not more than 35%. 

<12> Preferably, in the preparation step in the above-mentioned method <11>, a ratio of (weight of Si powdery 
(weight of Mg in matrix powder) is set to not more than 36.6/63.4, more preferably not more than 10/90. 
<13> A magnesium-base composite material formed by dispersing magnesium sQIcide (CVJg^Si) in a matrix con- 
40 taining magnesium (Mg), the magnesium-base composite material having at least one kind of characteristics se- 
lected from the following groups (A) and (B): 

(A) the magnesium-base composite material has a Rockwell hardness (E scale) of not less than 40 to not 
more than 105, more preferably not less than 40 to not more than 95, and/or the magnesium-base composite 

4* material has a Rockwell hardness (E scale) greater than that of a matrix material of the magnesium-base 

composite material except the magnesium siiicide by a value of not less than 20 to not more than 80, more 
preferably not less than 20 to not more than 40; and 

(B) the magnesium-base composite material has a tensile strength of not less than 100 MPa to not more than 
350 MPa, more preferably not less than 100 MPa to not more than 280 MPa, and/or the magnesium-base 

so composite material has a tensile strength greater than that of the above-mentioned matrix material by a value 

of not less than 20 MPa to not more than 100 MPa, more preferably not less than 20 MPa to not more than 
50 MPa. 

<14> Preferably, in the above-mentioned material <13>, MgjSi is set to not less than 3 wt%, more preferably not 
& less than 5 wt%, with respect to 100 wr% of the magnesium-base composite material. 

<1 5> A manufacturing method of a magnesium-base composite material comprising the steps of: preparing com- 
posite powder by blending matrix powder containing magnesium (Mg) and silicon (Si) powder so that Si is dispersed 
in the matrix powder; and heating and maintaining the composite powder in an inert gas atmosphere or in a vacuum 
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to form magnesium silicade (Mg^Si). 

<1 6> Preferably, in the above-mentioned method <15>, after the preparation step, a step of forming a compressed 
powder molded body by fiDtng a container with the above-mentioned composite powder so as to apply a pressure 
thereto is further included, and a step of heating and maintaining the compressed powder molded body to form 
magnesium silfckSe (WJg^l) is farther included. 

<17> Preferably, in the above-mentioned method <15> or <16>. M^Si is dispersed in the magnesium-base com- 
posite material. 

<1 8> Preferably, in any of the above-mentioned method <15> to <17>, the preparation step includes the steps erf: 
(a) obtaining blended powder by blending the Si powder and the matrix powder, and (b) grinding and/or press- 
bonding and/or crushing the blended powder. 

<19> Preferably, in the above-mentioned method <18>, the preparation step repeatedly performs the (b) step a 
plurality of times. 

<20> Preferably, in the above-mentioned method <18> or <19>, the (b) step in the preparation step is performed 
by using a grinder. 

<21> Preferably, in the above-mentioned method <20>, the grinder has a mechanical grinding capability using 
impact energy generated by ball media. 

<22> Preferably, in the above-mentioned method <20> or <21 >, the grinder is selected from the group consisting 
of a rotary ball mDI, a vibration ball mill and a planetary-gear ban mill. 

<23> Preferably, In any of the above-mentioned method <15> to <22>, in the preparation step, a ratio of (weight 
of Si powder)/(weight of Mg in matrix powder) is set to not more than 36.6/63.4. 

<24> Preferably, in any of the above-mentioned method <15> to <23>, the heating temperature is set to 150°C to 
650°C, more preferably not less than 1 60°C to not more than 350° C. 

<25> Preferably, in any of the above-mentioned method <15> to <24>, Mg^ is set to not less than 3 wt%, more 
preferably not less than 5 wt%, with respect to 100 wt% of the magnesium-base composite material. 
<26> A magnesium-base composite material precursor formed by blending matrix powder containing magnesium 
(Mg) and silicon (Si) powder so that the Si powder is dispersed in the matrix powder. 

<27> Preferably, in the above-mentioned precursor <26>, the precursor res a heat-generating peak, derived from 
Mg^i, of 150 to 650°C, more preferably 150 to 350°C, In differential scanning calorimetry (DSC) measurements. 
<28> Preferably, in the above-mentioned precursor <26> or <27> , the precursor has a ratio of (weight of Si powder) 
/(weight of Mg in the matrix powder) of not more than 36.6/63.4. 

<29> A magnesium-base composite material precursor formed by blending matrix powder containing magnesium 
(Mg) and silicon (Si) powder, the magnesium-base composite material precursor having a heat-generating peak, 
derived from Mg^Si, of 150 to 650°C, more preferably 150 to 350°C, in differential scanning calorimetry (DSC) 
measurements. 

<30> Preferably, in the above-mentioned precursor <29>, the precursor has a ratio of (weight of Si powder)/(weight 
of Mg in the matrix powder) of not more than 36.6/634. 

<31> A manufacturing method of a magnesium-base composite material precursor, comprising the steps of: pre- 
paring composite powder by blending matrix powder containing magnesium (Mg) and silicon (Si) powder so that 
Si is dispersed in the matrix powder; and filling a container with the composite powder and applying a pressure to 
the powder to form a magnesium-base composite material precursor. 

<32> Preferably, in the above-mentioned method <31>, the preparation step includes the steps of: (a) obtaining 
blended powder by blending the Si powder and the matrix powder, and (b) grinding and/or press-bonding and/or 
crushing the blended powder. 

<33> Preferably, in the above-mentioned method <32>, the preparation step repeatedly performs the (b) step a 
plurality of times. 

<34> Preferably, in the above-mentioned method <32> or <33>, the (b) step in the preparation step is performed 
by using a grinder. 

<35> Preferably, in the above-mentioned method <34>, the grinder has a mechanical grinding capability using 
impact energy generated by bail mecfia. 

<36> Preferably, in the above-mentioned method <34> or <35>, the grinder is selected from the group consisting 
of a rotary bail mill, a vibration ball mill and a planetary-gear ban mill. 

<37> Preferably, in any of the above-mentioned method <31> to <36>, in the preparation step, a ratio of (weight 
of Si powder)/(weight of Mg in matrix powder) is set to not more than 36.6/63.4. 

<38> A magnesium-base composite material formed by dispersing magnesium sQiclde (Mg^l) in a matrix con- 
taining magnesium (Mg), the magnesium-base composite material having at least one kind of characteristics se- 
lected from the following groups (A) and (B): 

(A) the magnesium-base composite material has a Rockwell hardness (E scale) of not less than 40 to not 
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more than 105, more preferably not less than 40 to not more than 95, and/or the magnesium-base composite 
material has 8 Rockwell hardness (E scale) greater than that of a matrix material of the magnesium-base 
composite material except the magnesium sIDclde by a value of not less than 20 to not more than 80, more 
preferably not less than 20 to not more than 40; and 
8 (B) the magnesium-base composite material has a tensile strength of not less than 100 MPa to not more than 

350 MPa, more preferably not less than 100 MPa to not more than 280 MPa, and/or the magnesium-base 
composite material has a tensile strength greater than that of the above-mentioned matrix material by a value 
erf not less than 20 MPa to not more than 100 MPa, more preferably not less than 20 MPa to not more than 
50 MPa. 

10 

<39> Preferably, in the above-mentioned material <38>, Mg^i is set to not less than 3 wt%, more preferably not 
less than 5 wt%, with respect to 100 wt% of the magnesium-base composite material. 
<40> A magnesium-base composite material formed by dispersing magnesium sQicide (Mg^i) in a matrix con- 
taining magnesium (Mg), the magnesium-base composite material having an amount of Si of not less than 2 parts 
15 by weight to not more than 10 parts by weight, more preferably not less than 2.5 parts by weight to not more than 
6 parts by weight and an amount of Mg 2 Si of not less than 3 parts by weight to not more than 27.5 parts by weight, 
more preferably not less than 6.8 parts by weight to not more than 15 parts by weight, with respect to 100 parts 
by weight of the magnesium-base composite material, and having a tensile strength of not less than 1 00 MPa to 
not more than 500 MPa. 

2D <41> Preferably, in the above-mentioned material <40>, Mg^i is dispersed in the composite material as grains, 

and has a grain size of not less than 1 0 nm to not more than 30 jim. 

<42> Preferably, in the above-mentioned material <41>, Mg^i has a grain size of not less than 100 nm to not 
more than 10 pm 

<43> Preferably, in any of the above-mentioned material <40> to <42>, the magnesium-base composite material 

25 further contains magnesium oxide (MgO) and/or silica (SiOa). 

<44> Preferably, in any of the above-mentioned material <40> to <43>, the magnesium-base composite material 
has a Micro Victors hardness (Hv) of 80 to 125, more preferably 80 to 110, still more preferably 85 to 105. 
<45> Preferably, in any of the above-mentioned material <40> to <44>, the magnesium-base composite material 
has a Rockwell hardness (E scale) (HRE) of 40 to 120, more preferably 80 to 105. 

30 <46> Preferably, in any of the above-mentioned material <40> to <45>, the magnesium-base composite material 

has a rigidity of 47 to 65 GPa, more preferably 48 to 55 GPa. 

<47> A magnesium-base composite material formed by dispersing magnesium sDicide (Mg^Si) in a matrix con- 
taining magnesium (Mg), the magnesium-base composite material having an amount of Si of not less than 2 parts 
by weight to not more than 1 0 parts by weight, more preferably not less than 2.5 parts by weight to not more than 
35 6 parts by weight end an amount of M^Si of not less than 3 parts by weight to not more than 27.5 parts by weight, 

more preferably not less than 6.8 parts by weight to not more than 15 parts by weight, with respect to 100 parts 
by weight of the magnesium-base composite material, and having a tensile strength of greater than 350 MPa to 
not more than 500 MPa, more preferably 380 to 450 MPa. 

<48> Preferably, in the above-mentioned material <47> Mg^Sl is dispersed in the composite material as grains, 
«o has a grain size of not less than 10 nm to not more than 30 *im. 

<49> Preferably, in the above-mentioned material <48>, Mg^Si has a grain size of not less than 100 nm to not 
more than 10 fim. 

<50> Preferably, in any of the above-mentioned material «47> to <49>, the magnesium-base composite material 
further contains magnesium oxide (MgO) and/or silica (SiOfc), 
45 <51 > Preferably, in any of the above-mentioned material <47> to <50>, the magnesium-base composite material 
has a Micro Victors hardness (Hv) of 80 to 125, more preferably 80 to 110, still more preferably 85 to 105. 
<52> Preferably, in any of the above-mentioned material <47> to <51>, the magnesium-base composite material 
has a Rockwell hardness (E scale) (HRE) of 40 to 120, more preferably 80 to 105. 

<53> Preferably, in any of the above-mentioned material <47> to <52>, the magnesium-base composite material 
50 has a rigidity of 47 to 65 GPa, more preferably, 48 to 55 GPa. 

<54> A magnesium-base composite material formed by dispersing magnesium sQicide (Mg^Si) in a matrix con- 
taining magnesium (Mg), the magnesium-base composite material having at least one kind of characteristics se- 
lected from the following groups (A) and (B): 

65 (A) the magnesium-base composite material has a Rockwell hardness (E scale) of not less than 40 to not 

more than 105, and/or the magnesium-base composite material has a Rockwell hardness (E scale) greater 
than that of a matrix material of the magnesium-base composite material except the magnesium silicide by a 
value of not less than 20 to not more than 60; and 
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(B) the magnasium-base composite material has a tensile strength of not less than 100 M Pa to not more than 
350 M Pa, and/or the magnesium-base composite material has a tensile strength greater than that of the above- 
mentioned matrix material by a value of not less than 20 MPa to not more than 100 MPa. 

<55> A magnesium-base composite material formed by dispersing magnesium sfllcide (Mg^l) in a matrix con- 
taining magnesium (Mg), the magnesium-base composite materia) having a tensile strength of not less than 100 
MPa to not more than 350 MPa. 

<56> Preferably, In the above-mentioned material <55>, the magnesium-base composite materia) has a Rockwell 
hardness (E scale} of not less than 40 to not more than 105. 

<57> A magnesium-base composite material formed by dispersing magnesium sQIcide (Mg^i) in a matrix con- 
taining magnesium (Mg), the magnesium-base composite material having a Rockwell hardness (E scale) of not 
less than 40 to not more than 105. 

<58> Preferably, in any of the above-mentioned material <54> to <57>. Mg 2 Si is set to not less than 3 wt% with 
respect to 100 wt% of the magnesium-base composite material. 

<59> A magnesium-base composite material formed by dispersing magnesium sOlcide (R%Si) in a matrix con- 
taining magnesium (Mg), the magnesium-base composite material having at least one kind of characteristics se- 
lected from the following groups (A) and (B): 

(A) the magnesium-base composite materia] has a Rockwell hardness (E scale) of not less than 40 to not 
more than 95, and/or the magnesium-base composite material has a Rockwell hardness (E scale) greater 
than that of a matrix material of the magnesium-base composite material except the magnesium silicide by a 
value of not less than 20 to not more than 40; and 

(B) the magnesium-base composite material has a tensile strength of not less than 100 MPa to not more than 
280 MPa, and/or the magnesium-base composite material has a tensile strength greater than that of the above- 
mentioned matrix material by a value of not less than 20 MPa to not more than 50 MPa. 



<80> A magnesium-base composite material formed by dispersing magnesium sQicide (Mg^i) in a matrix con- 
taining magnesium (Mg), the magnesium-base composite material having a tensile strength of not less than 100 
MPa to not more than 280 MPa. 
30 <61> Preferably, in the above-mentioned material <60>, the magnesium-base composite material has a Rockwell 

hardness (E scale) of not less than 40 to not more than 95. 

<62> A magnesium-base composite material formed by dispersing magnesium sDicide (Mg^i) in a matrix con- 
taining magnesium (Mg), the magnesium-base composite material having a Rockwell hardness (E scale) of not 
less than 40 to not more than 95. 
35 <63> Preferably, In any of the above-mentioned material <59> to <62> M^Si is set to not less than 3 wt% with 

respect to 100 wt% of the magnesium-base composite material. 

<64> Preferably, in any of the above-mentioned material <54> to <63>, Mg^i Is dispersed in the composite material 
as grains, end has a grains size off not less than 10 nm to not more than 30 jim. 

<65> Preferably, in the above-mentioned material <64>, Mg^i has a grain size of not less than 100 nm to not 
40 more than 10 pm 

<66> Preferably, in any of the above-mentioned material <54> to <65>, an amount of Si is set to not less than 2 
parts by weight to not more than 10 parts by weight, more preferably not less than 2.5 parts by weight to not more 
than 6 parts by weight, with respect to 100 parts by weight of the magnesium-base composite material. 
<67> Preferably, in any of the above-mentioned material <54> to <66», an amount of Mg^i is set to not less than 
4* 3 parts by weight to not more than 27.5 parts by weight, more preferably not less than 6.5 parte by weight to not 
more than 15 parts by weight, with respect to 100 parts by weight of the magnesium-base composite material. 
<68> Preferably, in any of the above-mentioned material <54> to <67>, the magnesium-base composite material 
further contains magnesium oxide (MgO) and/or silica (SiOJ. 

<69> Preferably, in any of the above-mentioned material <54> to <88>, the magnesium-base composite material 
so has a Micro Victors hardness (Hv) of 80 to 125, more preferably 80 to 110, still more preferably 85 to 105. 

<70> Preferably, In any of the above-mentioned material <54> to <59>, the magnesium-base composite material 
has a rigidity of 47 to 65 GPa, more preferably 48 to 55 GPa. 

<71> A product made of the magnesium-base composite material according to any of the above-mentioned ma- 
terial <40> to <70>. 

& <72> Preferably, in the above-mentioned product <71>. the product is selected from the group of products con- 
sisting of: a raw material, an intermediate product, a finished product end an assembled product; a part for transport 
equipment; a part for electric appliance; a housing product; a part for precision machine; a sports product end a 
weapon; a medical instrument; and a welfare caring tool. Herein, "the raw material, the intermediate product, the 
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finished product and the assembled product" are preferably selected from the group consisting of: a raw material, 
an intermediate product, a finished product, an assembled product thereof and a composite product formed In 
combination with another raw material that are formed by various processes such as welding, fusion welding, 
brazing, bonding, thermal cutting, thermal processing, forging, extruding, drawing, rolling, shearing, plate molding, 
roll molding, form rolling, spinning, bending, leveling, high-energy speed machining, powder machining, various 
cutting processes and grinding processes; and a raw material, an intermediate product, a finished product, an 
assembled product thereof and a composite product formed in combination with another raw material that have 
been subjected to various surface treatments such as meted coating, chemical conversion coating, surface curing, 
non-metal coating and painting. The "part tor transport equipment" is preferably selected from the group consisting 
of car and motorcycle parts selected from a transmission part tor example, a valve spool and a bearing, and an 
engine part, for example, a tappet, a lifter and a retainer; an interior part such as a handle; a part for railroad vehicle 
selected from the group consisting of a large-size screw and a large-size bolt. The "part tor electric appliance" is 
preferably selected from the group consisting of a part for audio-visual equipment selected from the group con- 
sisting of parts of an amplifier, a video player, a cassette player, a CD player and an LD player, for example, an 
adjustment thumb screw, legs, a chassis and a speaker com; a part for domestic electric appliance selected from 
the group consisting of washing-machine parts, for example, a casing and a washer vessel; and a sewing machine 
and a part for sewing machine such as an arm for sewing machine. The "housing product" is preferably selected 
from the group of interior products selected from the group consisting of a living-room product such as chandelier 
parts, nomination parte and decorative ornaments; ftjrnlture parts such as chair legs, table legs, a table plate, 
2D hinges, handles, rails, and adjusting screws for shelves. The "part for precision machine" is preferably selected 

from the group consisting of an optical equipment and a measuring-instrumentation part selected from the group 
consisting of parte of a camera, a telescope, a microscope and an electron microscope, for example, a body, a 
mount and a lens case; and parts tor watch selected from the group consisting of parts of a wrist watch, a clock 
and a clock to stand on a table, tor example, a body, chenille, gears and a pendulum. The "sports product and 
25 weapon" are preferably selected from the group consisting of goff dub products selected from the group consisting 

of a shaft, a head, a toe, a heal and a sole; and bicycle products selected from the group consisting of a transmission 
gear, a frame and a handle. The "medical instrument" is preferably selected from the group consisting of a bed 
frame, a therapeutic tool part and the I Gee. The "welfare caring tool and welfare caring tool-use parts" are preferably 
selected from the group consisting of a wheel chair, a caring bed, parte of these and the like. 
30 <73> A manufacturing method of a magnesium-base composite material formed by dispersing magnesium silicide 

(Mg^l) in a matrix containing magnesium (Mg), comprising the steps of: 

(a) blending a first material containing Mg end a second material containing Si at a predetermined ratio to 
prepare a Wended material; 
35 (b) performing a plastic treatment on the blended material to form a solid body; 

(c) heating the solid body to allow Mg and Si to react with each other, thereby forming a heated solid body 
containing Mg^and 

(d) performing a warm piasticization treatment on the heated solid body. 

40 <74> Preferably, in the above-mentioned method <73>, the composite material has a tensile strength of not less 
than 100 MPa to not more than 500 MPa. 

<75> Preferably, in the above-mentioned method <73>, the composite material has a tensile strength of not less 
than 100 MPa to not more than 350 MPa. 

<76> Preferably, in the above-mentioned method <73>, the composite material has a tensile strength of greater 

45 than 350 MPa and not more than 500 MPa, more preferably 380 to 450 MPa. 

<77> Preferably; in any of the above-mentioned method <73> to <7B>, in the solid body forming step (b), the 
blended material is mixed powder of the first material and the second material, and a container is filled with the 
mixed powder and a pressure is applied thereto, thereby obtaining a solid body as a compressed powder molded 
body having a void content of not more than 35%. 

so <78> Preferably, in any of the above-mentioned method <73> to <76>, in the solid body forming step (b), the 

blended material is prepared as an aggregation of composite powder formed by dispersing Si in matrix powder 
containing Mg, and a container is filled with the aggregation of composite powder and a pressure is applied thereto, 
thereby obtaining a solid body as a compressed powder molded body. 

<79> Preferably, in any of the above-mentioned method <73> to <76>, in the solid body forming step (b), after 
ss fining a metal mold or a container with the blended material, the blended material is subjected to a compressing 
deformation process, an extruding deformation process or a backward extruding process, or a desired combination 
thereof so that each material of the blended material is mixed and/or ground, and then applied e pressure thereto 
to obtain a solid body. 
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<80> Preferably, In any of the above-mentioned method <73> to <79>, in the solid body forming step (b), the 
blended material Is subjected to a plastic treatment to form a solid body containing Mg^i grains having a grain 
size of not less than 10 nm to not more than 30 \xm, more preferably not more than 1 jirn, or Mg^i grains having 
a grain size of not less than 10 nm to not more than 30 jim, more preferably not more man 1 nm, and the second 
s material having a grain size of not less then 10 nm to not more than 30 urn, more preferably not more than 3 urn. 

<81> Preferably, in any of the above-mentioned method <73> to <80> f after the warm plasticization treatment 
step, (e) a step of re-heating the resulting substance is further included. 

<82> Preferably, In any erf the above-mentioned method <73> to <81>, the warm ptastitization treatment step is 
performed by using a warm extruding process or a warm forging process. 
10 <83> Preferably, In any of the above-mentioned method <73> to <81>. the warm plasticization treatment step is 
performed by using a warm extruding process. 

<84> Preferably, in any of the above-mentioned method <73> to <81>, the warm plasticization treatment step is 
performed by using a warm forging process. 

<85> Preferably, in any of the above-mentioned method <73> to <84>, the healing temperature in the heating step 
15 is set to not less than 1 50°C to less than 650°C, more preferably not less than 150°C to not more than 600°C, still 
more preferably not less than 150°C to not more than 520°C. 

<86> Preferably, in any of the above-mentioned method <73> to <84>, the heating temperature in the heating step 
is set to not less than 350°C to less than 650° C, more preferably not less than 350°C to not more than 600 9 C, still 
more preferably not less than 350° C to not more than 520°C. 
20 <87> Preferably, in any of the above-mentioned method <73> to <84>, the heating temperature in the heating step 

is set to not less than 150°C to less than 350°C. 

<88> Preferably, in any of the above-mentioned method <81> to <87>, the heating temperature in the re-heating 
step is set to not less than 150°C to less than 650°C, more preferably not less than 150°C to not more than 600°C, 
stDI more preferably not less than 150*0 to not more than 520° C. 
25 <89> Preferably, in any of the above-mentioned method <81 > to <87>, the heating temperature in the re-heating 

step is set to not less than 350°C to less than 650°C, more preferably not less than 350°C to not more than 600°C, 
stfll more preferably not less than 350°C to not more than 520°C. 

<90> Preferably, In any of the above-mentioned method <81> to <87>, the heating temperature In the re-heating 
step is set to not less than 150°C to less than 350°C. 
30 <91 > Preferably, in any of the above-mentioned method <73> to <90>, the magnesium-base composite material 

has a Micro Victors hardness (Hv) of 80 to 125, more preferably 60 to 110, still more preferably, 85 to 105. 
<92> Preferably, in any of the above-mentioned method <73> to <91>, the magnesium-base composite material 
has a Rockwell hardness (E scale) (HRE) of 40 to 120, more preferably 80 to 105. 

<93> Preferably, in any of the above-mentioned method <73> to <92>, CWZg^Si contained in the magnesium-base 
35 composite material has a grain size of not less than 10 nm to not more than 30 jim. 

<94> Preferably, in the above-mentioned method <93>, Mg^i contained in the magnesium-base composite ma- 
terial has a grain size of not less than 100 nm to not more than 10 pm. 

<95> Preferably, in any of the above-mentioned method <73> to <94>, an amount of Si oontalned in the magne- 
sium-base composite material is set to not less than 2 parts by weight to not more than 10 parts by weight, more 
40 preferably not less than 2. 5 parts by weight to not more than 6 parts by weight, with respect to 1 00 parts by weight 
of the magnesium-base composite material. 

<96> Preferably, in any of the above-mentioned method <73> to <95>, an amount of Mg 2 Si oontalned in the mag- 
nesium-base composite materiel is set to not less than 3 parts by weight to not more man 27.5 parts by weight, 
more preferably not less than 6.8 parts by weight to not more than 15 parts by weight, with respect to 100 parts 
46 by weight of the magnesium-base composite material. 

<97> Preferably, in any of the above-mentioned method <73> to <98>, the magnesium-base composite material 
further contains magnesium oxide (MgO) and/or silica (SiOj). 

<98> Preferably, in any of the above-mentioned method <73> to <97>, the magnesium-base composite material 
has a rigidity of 47 to 65 GPa, more preferably 48 to 55 GPa. 

50 

Brief Description of the Drawings 
[0015] 

65 Fig. 1 is a schematic view showing mixed powder in which matrix powder containing Mg and silicon Si powder are 
evenly mixed (one embodiment of a solid body obtained through a solid body forming step of the present invention). 
Fig. 2 is a graph showing results of measurements in differential scanning calortmetry (DSC) performed on a 
compressed powder molded body having a predetermined void content, which is one embodiment of a soQd body 
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obtained through a solid body forming step of the present invention. 

Fig. 3 is a schematic view showing composite powder of the present invention in which silicon Si powder is dis- 
persed in matrix powder containing Mg (one embodiment of a solid body obtained through a solid body forming 
step of the present invention). 

Rg. 4 shows an image of the composite powder of the present invention observed by an optical microscope, which 
is one embodiment of a solid body obtained through a solid body forming step of the present invention. 
Rg. 5 is a graph showing the results of DSC measurements of three samples. 

Rgs. 6 is a schematic diagram showing one embodiment of a solid body forming step of the present invention. 
Rgs. 7 is a schematic diagram showing one embodiment of a soGd body forming step of the present Invention. 
Rgs. 6(a) to 8(c) are schematic diagrams showing punches used in one embodiment of a solid body forming step 
of the present invention. 

Best Modes for Carrying out the invention 

[0018] Hereinafter, the present invention will be described in detafl. 

[0017] As described above, in an aspect, the present invention has a feature of adjusting a state where Mg and Si 
powder are made closely into contact with each other without the presence of an oxide film on the surface of Mg 
contained in matrix powder, ije., the presence of MgO, thereby easily progressing the reaction of Mg and Si. 
[001 q Herein, with respect to a first aspect of the present invention, a manufacturing method of a magnesium-base 
composite material precursor, the resulting precursor, a manufacturing method of a magnesium-base composite ma- 
terial derived from the precursor, and the resulting magnesium-base composite material will be described in this order. 
Moreover, with respect to a second aspect of the present invention, descriptions will be also given in the same order. 
Furthermore, with respect to a third aspect of the present invention, descriptions will be also given in the same order; 
the aspect is mainly different from the other aspects in the embodiment of a solid body forming step and the embodiment 
of a warm plasfictzation treatment after heating (warm forging or warm extruding processes) in the present Invention. 

Manufacturing method °A" of mag nasi um-base composite material precursor 

[001 CT] A manufacturing method of a magnesium-base composite material precursor (hereinafter, referred to as "pre- 
cursor" unless otherwise indicated) of the first aspect of the present invention comprises the steps of: preparing muted 
powder; and applying a pressure to the mixed powder to form a precursor. 

[0020] In the preparation step for mixed powder, matrix powder containing magnesium (Mg) and silicon (Si) powder 
are blended so as to prepare the mixed powder. 

[0021] From the viewpoint of explosion prevention such as a powder explosion, the matrix powder containing Mg Is 
preferably prepared as powder having a grain size of not less than 10 jim. The configuration of the matrix powder 
containing Mg is not particularly limited as long as it satisfies this point, and it is preferably prepared as, for example, 
configuration such as powder, chips and small granulates. 

[0022] Moreover, the matrix powder containing Mg includes an alloy containing Mg, or a material composed of Mg. 
[0023] In the case where the matrix powder containing Mg is prepared as an alloy, examples of an element other 
than Mg to be contained therein may include A!, Zn. Mn, Zr, Ce, Li, Ag and the like, but not limited thereto. 
[002*3] Preferably, in a step of forming a compressed powder molded body or precursor, the Si powder has a particle 
size of 10 to 500 um, more preferably 10 to 200 pm, for the purpose of improving a mechanical joining property to the 
matrix powder containing Mg. 

[0025] Preferably. In the preparation step, a ratio of the weight of Si and the weight of Mg contained in the matrix 
powder, i.e.. (weight of Si powder)/(weight of Mg in matrix powder) is set to not more than 36.6/63.4. The amount of 
Si exceeding 36.6 wt% allows all Mg in the matrix powder to become Mg 2 Si on principle (i.e., no Mg exists as a matrix). 
In this case, the resulting material is very poor in strength, fefling to provide a desired property. Therefore, the ratio of 
(weight of SI powder)/(weight of Mg in matrix powder) is preferably set to not more than 36.6/63.4, more preferably not 
more than 10/90 from the viewpoint of appropriate mechanical property and cutting property. 
[0026] Mixed powder is prepared by blending the above-mentioned matrix powder having Mg and silicon (Si) powder. 
Upon mixing, any of conventional grinders may be utilized. Examples thereof may include a V-type mixer, a bail mill 
and the like, but not limited thereto. 

[0027] The mixing process can be performed under various environments, for example, in the air. Desirably, in the 
case where fine particles are used, it is preferable to prevent oxidation on the surface of powder during the mixing 
process by fifling a mixing container with an inert gas such as nitrogen gas and argon gas. 

[0028] As shown in Fig. 1 , the above-mentioned mixing process makes it possible to provide mixed powder in which 
the matrix powder containing Mg and the silicon (Si) powder are mixed evenly. 

[0022Q Next, a container is filled with the resulting mixed powder and a pressure is applied thereto, so that a mag- 
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nasi urn-base composite material precursor having a void content of not more than 35% or a compressed powder 
molded body Is formed. 

[0030] As the method of applying a pressure and solidifying the powder so as to obtain the precursor or the com- 
pressed powder molded body, processes which have been used in a conventional powder metallurgy method may be 
adopted. Examples thereof may include a method in which a container filled with mixed powder Is subjected to a cold 
isostatic pressing {OP); or a method in which a mold filled with powder is compressed by upper and tower punches 
to form a compressed powder body, but not limited thereto. 

[W] Preferably, the resulting precursor or compressed powder molded body has a void content of not more than 
35%, more preferably not more than 20%. The reason tor setting the void content to this value is to obtain the following 
functions. In other words, in genera), the surface of matrix powder is covered with an oxidized coat film (MgO). Sines 
MgO is stable with small formation free energy, in comparison with other oxides, this MgO surface coat film suppresses 
the reaction between Mg and SI powder. For this reason, in conventional methods, a step of heating the powder to not 
less than the melting point (650°C) of Mg to generate a liquid phase of Mg is prepared, and the reaction between Mg 
in matrix powder and Si powder is then accelerated to synthesize Mg2Si. However, in this temperature-raising step, a 
problem with the grain-size coarse growth in the matrix and tW^Si has been raised similar to a casting-dissolving 
method. 

[©032] On the other hand, in the present invention, upon performing the step of forming the precursor or compressed 
powder molded body, a pressure is applied to the mixed powder in a manner so as to set Its void content to not more 
than 35%. In this step, the surface coat film of MgO is mechanically separated and fractured by surface friction due to 
rearrangement of particles in the powder and plastic deformation of the particles, so that an active Mg matrix newly- 
generated surface appears in each of the corresponding portions. By heating and applying a pressure to this Mg newly- 
generated surface, this surface is reacted with Si powder to synthesize MggSi. Herein, as the value of the void content 
decreases, the area of the Mg newly-generated surface increases, thereby allowing the synthesizing temperature of 
Mg 2 Si to shift to the low-temperature side. Therefore, the lower the void content of the precursor or compressed powder 
molded body, the more preferable, and this is preferably set to not more than 20%. In contrast, if the void content of 
the precursor or compressed powder molded body is too great the fracturing of the MgO coat film is insufficient, with 
the result that the formation area of the Mg newly-generated surface becomes toosmafl. Consequently, the synthesizing 
temperature of UtyfeSi needs to be set in a liquid-phase area of not less than the melting point of Mg, that is, on the 
high-temperature side, with the result that coarse Mg^i grains are formed. 

<Magnesium-base composite material precursor or green compact molded body °A"> 

[0033] In the first aspect of the present invention, the magnesium-base composite material precursor or compressed 
powder molded body has the above-mentioned void content. This void content is measured in the following manner. 
[0034] First, the true density (A) of an element constituting the above-mentioned precursor or compressed powder 
molded body is found on the basis of its density, composition and component Moreover, with respect to the resulting 
precursor or compressed powder molded body, its density (B) is measured in accordance with JIS R1643. By using 
(A) and (B), the void content (V) is found by the following equation I. 

V = 100 - {100 x (B/A)} (Equation I) 

[<P®$5] Herein, in the present specification, "void content 1 ' means a value found by the measuring method unless 
otherwise indicated. 

[0036] Moreover, in the present invention, the magnesium-base composite material precursor or compressed powder 
molded body is preferably set to have a heat-generation peak at 150 to 650°C, more preferably 350 to 650 D C, in the 
measurements by the differential scanning calorimetry (DSC). 

[Q®37] For example, Fig. 2 shows the results of measurements by the differential scanning calorimetry (DSC) per- 
formed on the precursor or compressed powder molded body in the present invention, with the void content being 
varied. The precursors, which have void contents of 9%, 19% and 32% respectively, have heat-generation peaks in 
the above-mentioned range, i.e., 150 to 650°C, more preferably 350 to 650°C, with no heat-absorbing peak being 
observed. Herein, as will be described later, Mg^Si is synthesized through the reaction between Mg and Si in a solid 
phase in these heat-generation peaks. 

[M@] On the other hand, in the case of the precursor having a void content of 52%, a heat-absorbing peak due to 
an appearance of Mg liquid phase at the melting point (650°C) of Mg. In this case, Mg^i is synthesized in this liquid 
phase. 

PMBSJ] As the void content of the precursor or compressed powder molded body decreases, the temperature causing 
the maximum heating value (temperature of heat-generation peak), i.e., the synthesis starting temperature of MgjSi, 
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is shifted toward the low-temperature side. The feet that the temperature causing the maximum heating value (tem- 
perature of heat-generation peak) is lower than the melting point (650°C) of Mg Indicates that the synthesizing reaction 
has been completed In the solid phase. 

5 ^Manufacturing method °A° of magrtealum-base composite material from precursor 

[OC$0] The above-mentioned precursor or compressed powder molded body is heated, so that MgjSi is formed by 
the reaction between Mg In the matrix powder and Si powder; thus, the magnesium-base composite material of the 
present invention is obtained. 

10 [M54U] Although not particularly limited, the heating atmosphere is preferably prepared as an inert gas atmosphere 
such as nitrogen gas or argon gas, or a vacuum state for the purpose of suppressing oxidation in Mg in the matrix 
(precursor or compressed powder molded body) or an Mg containing alloy. 

[<D©42] As also shown by the results in Fig. 2, the heating temperature is preferably set to not less than 150°C, more 
preferably not less than 350°C. still more preferably not less than 450*0. Herein, in order to synthesize Mg^i in a 
15 comparatively short period of time, it is preferable to set the heating temperature to not less than 450 3 C. 

[CPS] With this arrangement, upon forming a compressed powder body, the present invention makes It possible to 
mechanically separate and/or fracture the surface oxidized coat film (MgO), and consequently to synthesize R%Si at 
a temperature range lower than the temperature range of conventional manufacturing methods, i-e., a temperature 
range lower than 650°C. 

2D 

<Magnesiunvbase composite material n A°> 

Thus obtained Mg 2 Si has the following characteristics. 
[0C&5] The grain size of Mg 2 Si is 1 0 to 200 um, and the Mg^S\ grains are formed in a state dispersed in the resulting 

25 magnesium-base composite material. 

[®m®\ Moreover, in general, MggSi has a thermal expansion coefficient smaller than that of magnesium and high 
rigidity and high hardness, and are also excellent in heat resistance and corrosion resistance with a tow specific gravity. 
[4DQ47] Therefore, because of the above-mentioned characteristics of Mg 2 SI, the resulting magnesium-base com- 
posite material of the present invention has excellent characteristics, such as excellent mechanical characteristics and 

30 corrosion resistance. The composite material having these excellent characteristics is preferably designed so that the 
amount of Mg 2 Si contained therein is set to not less than 3 wt%, more preferably not less than 5 wt%, with respect to 
100 wt% of the composite material. 

In particular, the composite material of the present invention has at least either one kind of the following 
properties (A) and (B) or various combined properties of not less than two kinds thereof. 

35 [®m®] in other words, (A) (i) the magnesium-base composite material has a Rockwell hardness (E scale) of not less 
than 40 to not more than 105, preferably from not less than 40 to not more than 95, and/or (ii) the magnesium-base 
composite material has a Rockwell hardness (E scale) greater than that of a matrix material of the magnesium-base 
composite material except the magnesium silicide by a value of not less than 20 to not more than 60, preferably not 
less than 20 to not more than 40; and 

40 [0050] (B) (i) the magnesium-base composite material has a tensile strength of not less than 100 MPa to not more 
than 350 MPa, preferably not less than 1 00 MPa to not more than 260 MPa, and/or (il) the magnesium-base composite 
material has a tensile strength greater than that of the matrix material by a value of not less than 20 MPa to not more 
than 100 MPa, preferably not less than 20 MPa to not more than 50 MPa. 

[00511] More specifically, the composite material of the present invention has any characteristics satisfying (A)-(i) or 
46 (AHH). or satisfying (AH) as well as (A)-(n) with respect to (A), and/or has any characteristics satisfying (BHO or (B) 
-(ii). or satisfying (BHi) as well as (B)-(ii) with respect to (B). Moreover, the composite material of the present invention 
may have a characteristic which simultaneously satisfies any of the characteristics relating to (A) and any of the char- 
acteristics relating to (B). 

50 Manufacturing method °B n of magnesium-base composite material precursor* 

(MD53Q A manufacturing method of a magnesium-base composite material precursor (hereinafter, referred to as "pre- 
cursor" unless otherwise indicated) according to a second aspect of the present invention comprises the steps of: 
preparing composite powden and applying a pressure to the composite powder to form a precursor. 
55 [®®S3] In the preparation step of the composite powder, composite powder formed is prepared by blending matrix 
powder containing magnesium (Mg) and silicon (Si) powder, with Si being dispersed in the matrix powder. 
[CXD54] The particle size and the shape of matrix powder containing Mg and Si powder are not particularly limited. 
This is because, as will be described later, by providing a step of mechanically and repeatedly grinding, mixing and 



press-bonding the both mixed powder, it is possible to form e state where Mg end Si powder ere brought closely into 
contact with each other, irrespective of coarse powder or small pieces of material. However, with respect to the matrix 
powder containing Mg, the powder preferably has a particle size of not less than 1 0 Jim from the viewpoint of prevention 
of powder explosion and the like. Moreover, the particle size of matrix powder containing Mg is preferably set to not 
less than 50 pm to not more than 700 urn, more preferably not less than 150 ^im to not more than 500 pm. from the 
viewpoint of flowability and/or formation of the compressed powder molded body (precursor) having an even density 
distribution. Moreover, with respect to the configuration of matrix powder containing Mg, not particularly limited, for 
example, various configuration audi as powder, chips or small block granulates may be used. 
[0055] Moreover, the matrix powder containing Mg may include an alloy containing Mg or a material composed of Mg. 
[€€53] In the case where the matrix powder containing Mg is prepared as an alloy, examples of an element other 
than Mg to be contained therein include Al, Zn, Mn, Zr, Ce, Li, Ag and the like, but not limited thereto. 
[0057] More specifically, with respect to the matrix powder containing Mg, materials such as AZ31 and AZB1 may 
be used. 

[00SS] As described above, the particle size and shape of the Si powder are not particularly limited. However, the 
particle size is preferably set to 1 0 to 500 jim , more preferably 1 0 to 200 \xm. Moreover, in addition to a spherical shape 
and powder, the shape thereof is defined as chips, small granules and blocks. 

[005®] In the preparation step, a ratio of the weight of Si and the weight of Mg contained in the matrix powder, i.e., 
(weight of Si powder)/(welght of Mg in matrix powder) is preferably set to not more than 36.6/63.4. The amount of Si 
exceeding 36. 6 wt% allows all Mg in the matrix powder to become Mg^i on principle (i.e., no Mg exists as a matrix). 
In this case, the resulting material is very poor in strength, failing to provide a desired property. Therefore, the ratio of 
(weight of Si powder)/( weight of Mg in matrix powder) is preferably set to not more than 36.6/63.4, more preferably not 
more than 10/90 from the viewpoint of appropriate mechanical property and cutting property. 
[00(2®] The matrix powder containing Mg and silicon (Si) powder are blended to prepare composite powder in which 
Si is dispersed in the matrix powder. 

[00(311] Herein, the preparation step preferably includes the steps of: (a) blending Si powder and matrix powder to 
obtain blended powder; and (b) grinding and/or press-bonding and/or crushing the resulting blended powder. Moreover, 
the (b) step is preferably repeatedly performed a plurality of times. 

[00S2] In the (b) step, a grinder is preferably used. The grinder preferably has a mechanical grinding capability using 
impact energy generated by ball media. The grinder is preferably selected from the group consisting of a rotary ball 
mill, a vibration ball mill and a planetary-gear ball mfll. By performing such mechanical grinding, mixing, press-bonding 
and crushing processes, Si powder is finely ground, and dispersed in the matrix powder. With this arrangement, the 
specific surface area of the Si particles is increased and the contact area to Mg is further increased; thus, it becomes 
possible to further accelerate the reaction between Si and Mg. 

[OOfcSfl Fig. 3 is a schematic view showing a composite powder sample obtained by this preparation step, and Fig. 
4 shows an image observed by an optical microscope of a composite powder sample actually obtained by the prepa- 
ration step. 

[00&4] Fig. 3 shows that Si particles are dispersed In the matrix. Similarly, Fig. 4 also shows that Si particles (white 
color) are dispersed in the matrix (black background). 

[00@5] Herein, the preparation step may be performed in various environments such as in the air. From the viewpoint 
of suppression of oxidation, the step is desirably performed under an inert gas atmosphere such as nitrogen gas and 
argon gas. 

[OOfcS] Next, a container is filled with the resulting composite powder and a pressure is applied thereto, thereby 
obtaining a compressed powder molded body or a magnesium-base composite material precursor. 
[0067] As the method of applying a pressure and for solidifying the powder so as to obtain the precursor or the 
compressed powder molded body, processes which have been used in a conventional powder metallurgy method may 
be adopted. For example, a method in which a container is filled with mixed powder, thereby performing a cold isostatic 
pressing (CIP) thereon; or a method in which a mold is filled with powder and is compressed by upper and lower 
punches to form a compressed powder body may be used, but not limited thereto. 

[00®®] The pressure at the time of the filling and pressure-applying step is preferably set to not less than 4 t/cm 2 to 
not more than 8 t/cm 2 . The upper limit of the pressure is set because of the following reasons, in other words, even 
when a high pressure is applied, only small effects are obtained in an increase in the density of the finally obtained 
composite material. Moreover, when a high pressure is applied, agglutination occurs between the metal mold and the 
molded body to be used, resulting in degradation in the service life of the metal mold; therefore, this is not preferable. 

< Magnesium-base composite material precursor or compressed powder molded body "B°> 

[00®80 Through the above-mentioned preparation step and filBng and pressurenapplying step, it is possible to form 
the magnesium-base composite material precursor or the compressed powder molded body of the present invention. 
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[0070] Moreover, in the present invention, the magnesium-base composite material precursor or compressed powder 
molded body preferably has a heat-generation pes*, derived from the synthesizing reaction off EWg^Si, of 150 to 650*0, 
more preferably 150 to 350°C, In the measurements by the differential scanning calorimetry (DSC). 
[©©711] For example. Fig. 5 shows the results of DSC measurements of the following three samples. (1) With respect 

5 to the matrix powder containing Mg, S3 A g of pure Mg (particle size: 111 pm) and 36.6 g of Si powder (particle size: 
38 Jim) are ground, mixed, press-bonded and crushed for 2 hours in a ball mill to prepare composite powder in which 
fine Si particles are dispersed in a matrix of Mg powder. This powder is used as a sample of the present invention in 
a powder state without making a compressed powder molded body. (2) The same components as the sample (1 ) are 
simply mixed, and a pressure erf 5.8 t/cm 2 is applied thereto to obtain a sample (void content 9%). (3) The same 

io components as the samples (1) and (2) are simply mixed, and a pressure erf 1.8 t/cm 2 is applied thereto to obtain a 
sample (void content: 52%). 

[0072] As indicated by Rg. 5, in the sample (1), a heat generation peak derived from the synthesizing reaction of 
Mg 2 Si was observed in the vicinity of 150°C to the vicinity of 200°C, although it was maintained in a powder state 
without being subjected to a molding process for making the compressed powder body. In contrast, in the sample (2), 
15 a heat generation peak derived from the synthesizing reaction of Mg 2 Si was observed in the vicinity of 500°C. Moreover, 
in the sample (3), a heat absorbing peak derived from the melting point of Mg was observed at 650°C (melting point 
of Mg). These fads indicate that in the sample (1), Mg^' is synthesized at not more than the melting point of Mg on 
an extremely lower temperature side in comparison with the sample (2). 

20 {Manufacturing method R B° of magnesium-base composite material from precursor* 

[0073] The above-mentioned precursor or compressed powder molded body is heated, so that Mg in the matrix 
powder and Si powder are allowed to react with each other to form Mg^i, thereby obtaining the magnesium-base 
composite material of the present invention. 
25 [0074] Although not particularly limited, the heating atmosphere is preferably prepared as an inert gas atmosphere 
such as nitrogen gas or argon gas, or a vacuum state for the purpose of suppressing oxidation in Mg in the matrix 
(precursor or compressed powder molded body) or an Mg containing alloy. 

[0075] As indicated by the results of DSC in the above-mentioned Fig. 5, the heating temperature is preferably set 
to not less than 150°C to not more than 350°C. In order to synthesize Mg^i in a comparatively short period off time, 

30 the heating temperature is desirably set to not less than 200°C. 

[IE07S] Herein, depending on the shape and dimension of the precursor or compressed powder molded body, a 
predetermined temperature is preferably maintained for a predetermined period of time. In particular, during the heating 
process, it is preferable to prevent the Mg 2 Si grains from causing irregularities due to a temperature difference between 
the surface layer portion and the inner portion of the precursor or the compressed powder molded body. Moreover, it 

35 is preferable to lengthen the maintaining time so as to suppress the coarse growth of the Mg2Si grains and Mg crystal 
grains. Although it depends on the shape and dimension of the precursor or the compressed powder molded body, the 
maintaining time is preferably set to not more than 1 minute to not less than 30 minutes. 

[0077] In the magnesium-base composite material of the present Invention, a plastic treatment process, such as a 
warm forging method and a warm extrusion method, is preferably further Included. Thus, voids in the material are 
40 closed so that it is possible to increase the density of the composite material, and consequently to further improve the 
mechanical characteristics thereof. More specifically, tor example, a method in which the composite material immedi- 
ately after the heating step is directly subjected to a warm plastlcteation treatment and a method in which, after the 
heating stop, the composite material is again heated, and then subjected to a warm plasticization treatment, are listed. 
However, from the viewpoint of economical efficiency, the former method is more advantageous. 

45 

<Magnesium-base composite material "B n > 

[007©] Thus obtained Mg^Si has the following characteristics. 

The grain size of Mg 2 Si is set to 10 to 200 jim with the ft/^Si grains being formed in a dispersed state in the 
50 resulting magnesium-base composite material. 

[0080] Moreover, in general, Mg^i has a thermal expansion coefficient smaller than that of magnesium and high 
rigidity and high hardness, and are also excellent in heat resistance and corrosion resistance with a low specific gravity. 
[00811] Therefore, because of the above-mentioned characteristics of Mg 2 Si, the resulting magnesium-base com- 
posite material of the present Invention has excellent characteristics, such as excellent mechanical characteristics and 
corrosion resistance. The composite material having these excellent characteristics is preferably designed so that the 
amount of W3g 2 Si contained therein is set to not less than 3 wt%, more preferably not less than 5 wt%, with respect to 
100 wt% of the composite material. 

[0002] In particular, the composite material of the present invention has at least either one Ednd of the following 
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properties (A) and (B) or various combined properties off not less than two kinds thereof. 

[0003] Herein, in the present invention, the tensile strength can be measured by using a method In accordance with 
Japanese industrial Standard (JIS). Moreover, the tensile strength can also be measured by a method which will be 
described in examples. In other words, the tensile strength is measured In the following manner test pieces, each 
s having a diameter of <|>3. 5 mm and a parallel portion of 14 mm, are prepared, and each test piece Is attached to a 10 
ton autograph, and a tensile load is applied thereto at a shitting speed of 0.5 mm/min to perform a tensile test; thus, a 
value obtained by dividing the load at which the test piece has been ruptured by the rupture area of the sample may 
be measured as the tensile strength. 

[G®@0] By using the manufacturing method, I je M the powder metallurgy method, of the present invention, it becomes 
to possible to synthesize Mg 2 Si in a solid phase without causing a liquid phase of Mg to appear. Consequently, Mg in the 
matrix is allowed to have fine crystal grains with Mg 2 Si being also finely dispersed in the matrix so that it becomes 
possible to prepare a magnesium-base composite material having the above-mentioned excellent characteristics, such 
as excellent mechanical characteristics and corrosion resistance, with high economical efficiency. 
[0005] Herein, the resulting composite material and the precursor or compressed powder molded body have a small 
is dimensional variation since they are manufactured through processes having no liquid phase of Mg. Therefore, the 
small dimensional variation between the precursor and the composite material (i.e., final product) forms one of advan- 
tages that is different from those of conventional methods. 

Manufacturing method D C" of magnesium-base composite material and magnesium-base composite material U C°> 

2D 

[008S] According to a third aspect of the present invention, there is provided a magnesium-base composite material 
C and a manufacturing method C thereof, which will be described below. 

[<D©S7] In the magnesium-base composite material C according to the third aspect of the present invention, magne- 
sium sifickSe (MgzSi) is dispersed in the matrix containing magnesium (Mg), and the amount of Si is set to not I ess than 
25 2.5 parts by weight to not more than 10 parts by weight and the amount of MfeSi Is set to not less than 3 parts by 
weight to not more than 27 £ parts by weight, with respect to 100 parts by weight of the magnesium-base composite 
material, and the tensile strength of the magnesium-base composite material is set to not less than 100 MPa to not 
more than 600 MPa. 

[<DC©S] The magnesium-base composite material contains magnesium silicide (Mg 2 Si) and magnesium (Mg) serving 
30 as a matrix. The material may be composed of these two components, or may contain other components. With respect 
to the other components, magnesium oxide (MgO), silica (SiO^ and various components used for manufacturing the 
material are listed. However, the other components to be added may not impair the above-mentioned characteristics, 
e.g., the tensile strength. Moreover, the other components to be added may not impair characteristics such as hardness 
(Micro Victors hardness and/or Rockwell hardness (E sceJe)), which will be described later, rigidity and corrosion 
36 resistance. 

[MOT] The magnesium-base composite material of the present invention preferably contains Si the amount of which 
is set to not less than 2 parts by weight to not more than 10 parts by weight, more preferably not less than 2.5 parts 
by weight to not more than 6 parts by weight, with respect to 100 parts by weight of the material. Herein, in the case 
of the composite material containing Si0 2 also, the Si amount is set in the same manner. When the Si amount is too 
small, the composite material tends to fail to exert desired characteristics, in particular, mechanical characteristics. In 
contrast, when the Si amount Is too great, the characteristic values, in particular, mechanical characteristic values tend 
to be saturated. Moreover, if the Si amount is too great, the resulting composite material tends to have degradation in 
the toughness. 

BW®0] The magnesium-base composite material of the present invention preferably contains MgjSi the amount of 
4* which is set to not less than 3 parte by weight to not more than 27.5 parte by weight, more preferably not less than 6.8 
parte by weight to not more than 15 parts by weight with respect to 100 parte by weight of the material. 
[Ofl&H] In the magnesium-based composite material of the present invention, the MggSi grains are preferably dis- 
persed. The grain size of Mg 2 Si is preferably set to not more than 10 ran to not less than 30 Jim, more preferably not 
more than 100 nm to not less than 10 pm. In general, as the grain size of Mg^i becomes smaller, the mechanical 
so properties of the magnesium-base composite material are further improved. 

[<D®82] With respect to the magnesium-base composite material of the present invention, although it depends on the 
components contained therein, the tensile strength is set to not less than 100 MPa to not more than 500 MPa, more 
preferably greater than 350 MPa to not more than 500 MPa, still more preferably 380 to 450 MPa. 
[<D053] Moreover, the magnesium-base composite material preferably has a Micro Victors hardness (Hv) of 80 to 
65 125, preferably 60 to 110, more preferably 65 to 105, and/or a Rockwell hardness of 40 to 120, preferably 80 to 105. 
Furthermore, its rigidity is preferably set to 47 to 65 GPa, more preferably 48 to 55 GPa. With such mechanical prop- 
erties, this material is desirably applied to the above-mentioned products. Since conventional industrial Mg alloys have 
a tensile strength of approximately 200 to 350 MPa, the magnesium-base composite material of the present invention 
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has excellent mschenical properties in comparison with these, in particular, with respect to the rigidity, although the 
amounts of the element components are slightly different from those of conventional Mg alloys, in comparison with the 
rigidity value of approximately 44 to 45 GPa of conventional Mg alloys, the magnesium-base composite material of the 
present invention containing MgjSi makes it possible to greatly improve the value thereof. Moreover, with respect to 
the matrix material hardness, in comparison with the hardness (50 to 75 Hv) of conventional Mg alloys, the Mg-base 
composite material, which has Mg^i grains having the above-mentioned grain-size range evenly dispersed in the 
material, makes it possible to greatly improve the hardness thereof. 

[4DQS4] Hereinafter, components contained in the Mg-base composite material of the present invention will be de- 
scribed. 

^Magnesium silicide (M gz Si)> 

P5| Even when solely used, Mg^i has high rigidity and high hardness, as well as excellent corrosion resistance 
and heat resistance, in comparison with Mg. The present inventors have found that when Mg 2 Si is contained In an 
Mg alloy as dispersed grains, in particular, with its grain size being set to 10 nm to 30 ^m, the resulting Mg-base 
composite material is allowed to have improved tensile strength, rigidity and hardness as well as improved corrosion 
resistance and heat resistance. However, in the case where practical use is taken into consideration, the grain size of 
MgjSi is preferably set In a range from 100 nm to 10 ujh in an attempt to achieve both of excellent characteristics and 
economical efficiency. Herein, the controlling processes of the grain size of Mg^i are performed by using, for example, 
methods described below; I*., plastic treatments to be performed repeatedly on the mixed material filling a metal mold 
and adjustments of the succeeding heating conditions (heating temperature). 

<Magnesium oxide (MgO)> 

[C$&3] When dispersed In the Mg-base composite material, MgO makes ft possible to improve the mechanical char- 
acteristics of the composite material in the same manner as Mg 2 Si. Simultaneously, MgO also has an effect for allevi- 
ating an opponent attacking property. In other words, MgO is harder than Mg alloys, and has a lower hardness in 
comparison with ft/^Si; therefore, even when used in sllding-contact with an opponent material, it is possible to prevent 
MgO from attacking the opponent material seriously. Therefore, in the Mg-base composite material of the present 
invention, MgO grains having a grain size in the same range as that of Mg 2 Si, i.e., a grain size of 10 nm to 30 pm, 
more preferably 100 nm f o 1 0 pm, are evenly dispersed so that if is possible to provide an improved opponent-attacking 
property. 

<Silica (Si02)> 

[©®87] Similar to MgO, Si0 2 , which is an oxide, also alleviates the opponent-attacking property when dispersed in 
the magnesium-base composite material. As will be described later, in the case where SIOj is used as starling materials 
for the Mg-base composite material of the present invention, Si0 2 is allowed to react with Mg to be reduced and 
decomposed upon generating W^Si and MgO. Moreover, by adjusting the repeating plastic treatment amount and the 
heating temperature of the resulting solid matter, one portion of Si0 2 is allowed to remain in the composite material 
without reaction. 

[<MD88] In the third aspect, the present invention provides a manufacturing method °C of Mg-base composite material. 

The manufacturing method C of the present invention includes the steps of: (a) blending a first material con- 
taining Mg and a second material containing Si at a predetermined ratio to prepare a blended material; (b) performing 
a plastic treatment on the resulting blended material to form a solid body; (c) heating the solid body to allow Mg and 
Si to react with each other, thereby forming a heat solid body containing Mg^i ; and (d) performing a warm ptasti cization 
treatment on the heat solid body, and this method provides a magnesium-base composite material in which magnesium 
sOicide (Mg^i) is dispersed in a matrix containing magnesium (Mg). By using this method and methods described 
below in detail, if is possible to obtain an Mg-base composite material having the above-mentioned characteristics and 
the like. 

flDUflHD] The first material containing Mg is not particularly limited as long as it contains Mg, and examples thereof 
include pure magnesium; an Mg alloy mainly containing Mg, for example, AZ31, AZ91, AM50 and AM60; and an in- 
dustrial magnesium alloy such as a ZK-based alloy. In particular, in the case where Mg alloy powder is used, the particle 
size Is preferably set to not less than 10 \un, more preferably not less than 50 pm, from the viewpoint of explosion 
prevention such as a powder explosion. Herein, the shape of the first material is not particularly limited as long as it 
satisfies the above-mentioned point, and it is preferably prepared as shapes such as chips, powder and small granu- 
lates. For example, a so-called fhixo-mold-use material may be used. 

PHHOD] The second material containing Si is not particularly Gmifed as long as it contains Si, and examples thereof 
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include Si itself, silica end Si0 2 - Moreover, not particularly limited, the particle size is set hi e wide range of sizes, for 
example, from a coarse material having a block shape with a unit of several centimeters to fine particles In a level of 
several microns that have been subjected to a mechanical grinding process. 

[01 02] With respect to the Wending of the first and second materials, various weighing capacities of the respective 

9 materials and mixtures thereof are adopted. These steps are performed in the same methods as those conventionally 
used in the powder metallurgical field. Upon mixing the first end second materials, conventionally known means, such 
as a mixing grinder, for example, a V-type mixer and a ball mill, may be used. The mixing process may be performed 
in the air without causing any problems; however, it is preferably performed In a nitrogen or argon gas atmosphere so 
as to prevent oxidation on, for example, the powder surface of pure Mg powder. More specifically, in the case where 

10 fine particles are used, the mixing process is preferably performed with a mixing container filling the fine particles as 
well as nitrogen gas, argon gas or the like. 

[0103] The resulting blended material is then subjected to a solid body forming step of forming a solid body through 
a plastic treatment. 

[0100] The plastic treatment may be performed by using various means, and, for example, the methods described 

15 in the above-mentioned manufacturing methods (A) and (B) may be used. In other words, (A) the blended matter is 
prepared as mixed powder of the first sample and the second sample, and the plastic treatment may be performed by 
filling the container with the mixed powder and applying a pressure thereto to obtain a solid body as a compressed 
powder molded body having a void content of not more than 35%. Moreover, (B) the blended material is prepared as 
an eggregate of composite powder in which Si is dispersed In matrix powder containing Mg, and the plastic treatment 

20 is performed by filGng the container with the aggregate of the composite powder and applying a pressure thereto to 
obtain a solid body as a compressed powder molded body. Furthermore, (C) the plastic treatment may be performed 
in the following manner after filling a metal mold or a container with a blended material, the blended material is com- 
pressed and deformed, or extruded and deformed, or backward-extruded, and a desired combination of these opera- 
tions is performed a plurality of times, so that the respective samples in the blended matter are mixed and/or ground 

26 and finally compressed to provide a solid body. 

[01 05] The solid body forming steps are performed in such a manner that the solid body is preferably formed so as 
to contain CV^Si grains having a grain size of not less than 10 nm to not more than 30 pm, more preferably not more 
than 1 pm, or Mg 2 Si grains having a grain size of not less than 10 nm to not more than 30 pm, more preferably not 
more than 1 pm, and a second material having a grain size of not less than 10 nm to not more than 30 pm, more 

30 preferably not more than 3 pm. 

[01 OS] Among the solid body forming steps, with reference to Rg. 6, a specific example of the above-mentioned 
process (C) will be described below. 

[01 07] Figs. 6(a) is a schematic view showing a state where a container constituted by a metal mold 1 end a lower 
punch 3 is filled with a blended material 5. 

35 [01 oq Next, blended material 5 is subjected to plastic treatments (b) to (f). Plastic treatments (b) to (f) are performed 
by using a press machine having a compression upper punch 7 and a pushing upper punch 9. Herein, the press 
machine, used In this case, may be a press machine with any of the conventional driving systems such as a hydraulic 
system, a mechanical system and a screw system. However, in the case where pushing upper punch 9, which will be 
described later, is inserted Into a compressed body 8, the lowering speed of the punch is desirably set at a high speed, 

*o for example, approximately 50 to 500 mm/sec by using, for example, a screw-type press. 

[01 OS] In step (b), compression upper punch 7 is lowered into the metal mold so that the blended and mixed power 
is compressed and solidified to obtain compressed body 6. Next, after compression upper punch 7 has been raised 
(step (c)), in step (d), pushing upper punch 9 is lowered into metal mold 1 . At this time, as shown in step (d), compressed 
body 6 Is extruded backward (in the direction indicated by arrow B) so that a plastic treatment is applied thereto; thus, 

45 the first material containing Mg and the second material containing Si are mechanically ground and formed into fine 
particles. 

[0110] Next, after pushing upper punch 9 has been raised (step (e)), compression upper punch 7 is again lowered 
into metal mold 1 to again compress the compression matter that has been formed into a U-shape as shown in Rg. 6 
(f). Thus, the solid body, located along the inner face of metal mold 1, is allowed to reach the inside of metal mold 1 
so (in the direction indicated by arrow C). The sequence of these steps (b) to (f) is performed once, or repeated a plurality 
of times so that the first and second materials in blended power 5 are further mixed and stirred, end formed into fine 
powder. 

[01 1 1] The sequence of steps (b) to (f), that is, the compressing process (pressure-applying and compressing proc- 
esses by compression upper punch 7) and the backward extruding plastic treatment by pushing upper punch 9, Is set 
& as one cycle, and by repeating a predetermined number of cycles so as to evenly mix and grind the first and second 
materials, MgjSi is synthesized through a solid-phase dispersing phenomenon by adjusting the number of cycles. 
[01 1 2] The plastic treatment amount to be applied to the blended power is controlled so that the grain size of MgjSi 
in the finally obtained composite material is adjusted, for example, in a range of 10 to 500 nm. 
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[01115] The plastic treatment amount is controlled by changing various parameters. For example, with respect to 
these parameters, the relative density of the solid body obtained by a compression on the final stage of this process, 
the number of cycles of (b) to (t), the relationship between the load and speed of pushing upper punch 9 in (b) as well 
as the relationship between the Inner diameter of metal mold 1 and the outer diameter of pushing upper punch 9, and 

s the load and speed of compression upper punch 7 in (f) are listed. 

PPH 141] Herein, in order to eliminate the possibility of the blended and mixed powder being held in the bottom portion 
in metal mold 1, the following methods are effectively performed: metal mold 1 is reversed upside down with an interval 
of predetermined cycles if necessary, or after the blended and mixed matter has been taken out. the blended and mixed 
power is reversed upside down so as to again perform the compressing and backward extruding processes. 

10 [OH 1 5] After repeating the sequence of steps (b) to (f) a predetermined number of cycles, the step (b) is performed 
so that a solid body having a cylinder shape (Fig. 6(g)) can be obtained. As described above, the solid body is allowed 
to contain (a) Mg^ grains having a grain size of not less than 10 nm to not more than 30 \m\, preferably not more 
than 1 ym, or (b) ftflc^Si grains having a grain size of not less than 10 nm to not more than 30 jim, preferably not more 
than 1 jim. and a second material (for example, Si particles or SiOz particles) having a particle size of not less than 

15 10 nm to not more than 30 \un, preferably not more than 3 \un. By controlBng the above-mentioned parameters, the 
above-mentioned (a) or (b) can be prepared. 

[©1113] As shown in Rg. 7, instead of pushing upper punch 9 shown in Rg. 6, two pushing upper punches 11 may 
be used, or not less than three pushing upper punches may be used. 

[OH 17] Although not partial tarty limited, the shape, material and the like of the pushing upper punch may have shapes 
20 indicated by, for example, Figs. 6(a) to (c) so that the blended material is not subjected to agglutination and burning 
phenomena onto the punch top portion during the backward extruding process at the time of insertion. In other words, 
in the vicinity of the tip end portion of the pushing upper punch, (a) a spherical shaped curvature, (b) a curvature on 
only the comer portion , or (c) curvatures on the taper and comer portions may be formed. Moreover, a coating process 
that is excellent in anti-abrasion end self-lubricating properties, such as Ni-P plating, Cr plating, DLC (Diamond Lite 
25 Carbon) and a nitriding process, may be applied to the punch surface. 

[0H1S] The solid body obtained by the solid body forming step has a relative density of approximately 75 to 95%, 
with the first materia) particles being insufficiently joined to each other; therefore, the solid body is then subjected to a 
heating step and a warm plasticization treatment step so as to have a finer structure. 

[OH 1 tfl The heating step makes it possible (1 ) to allow the first material to be easily deformed in the succeeding warm 
30 plasticization step and (2) to allow un reacted portion of the second sample, for example, Si or S1O2 if any, to perform 
a solid phase reaction with Mg. 

The heating temperature of the solid body is setto not less than 150°C to not more than 600°C, more preferably 
not less than 350°C to not more than 520°C. When the heating temperature is less than 150°C, it is not possible to 
obtain the effects of the above-mentioned (1), and it is also not possible to obtain a sufficient joining strength between 
35 the first material particles. Consequently, the Mg-base composite material tends to have degradation in the relative 
density or mechanical characteristics. In contrast, when the heating temperature exceeds 600°C, the first material (in 
particular, Mg), which constitutes the matrix material, tends to have coarse crystal grains and growth thereof, and 
consequently has degradation in the mechanical characteristics in the Mg-base composite material. 
[OH 2-3] When this is heated to not less than 250°C, it is possible to allow a solid-phase reaction between unreacted 
40 Si or Si0 2 and Mg to progress; however, the heating temperature of the solid body is desirably set to not less than 
350° C to not more than 520°C, In order to progress the solid-phase reaction stably while preventing Mg 2 SJ grains thus 
solid-phase synthesized from becoming coarse, and to prevent degradation in the mechanical properties of the Mg- 
base composite material. Here, in order to prevent oxidation of the Mg component in the solid body, the heating at- 
mosphere is prepared as an inert gas atmosphere such as nitrogen and argon or a vacuum state. 
[01122] With respect to the warm plasticization treatment step, processes such as warm forging, warm extruding, 
warm rolling, swaging and drawing may be adopted. 

Example 

50 [0H23] Hereinafter, the present invention will be described in detail on the basis of examples; however, the present 
invention is not intended to be limited by these examples. 

(Example 1) 

85 [ouzo] As starting materials, 90 parts by weight of pure Mg powder (average particle size: 112 |im) and 1 0 parts by 
weight of Si powder (average particle size: 64 }im) were prepared. After blending these, the resulting material was 
evenly mixed by a ball miO to obtain mixed powder. A circular metal mold having a diameter of 34 mm was filled with 
the resulting mixed powder, and a load having a face pressure of 2 to 7 t/cm 2 was appDed thereto, thereby forming 
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compressed powder molded bodies A-1 to A-7. 

[0125] In a separated manner from the compressed powder molded bodies A-1 to A-7, the following tubular furnace 
was prepared. In other words, the tubular furnace in which nitrogen gas (gas flow rate: 3 dmfVrnin) was allowed to flow, 
with the inner temperature thereof being controlled to 580°C, was prepared. Each of the compressed powder molded 

8 bodies A-1 to A-7, obtained as described above, was Inserted into the tubular furnace, and after having been heated 
and maintained lor 15 minutes, this was immediately solidified to a relative density of not less than 99% through a 
powder forging method to provide magnesium-base composite materials B1 to B-7. Herein, the conditions of the powder 
forging method were set to metal-mold temperature: 250°C; face pressure: 8 t/crn* and a water-soluble lubricating 
agent was applied to the metal mold aide walls from the viewpoint of prevention of agglutination between the solid 

10 body and the metal mold. 

[0126] Table 1 shows characteristics of the compressed powder molded bodies A-1 to A-7 obtained as described 
above and the magnesium-base composite materials B-1 to B7. In Table 1, "the void content" was a value calculated 
by the aforementioned method. Moreover, Table 1 also shows the synthesizing reaction starting temperature (in Table 
1 , simply referred to as "reaction starting temperature") of Mg^Si obtained through DSC measurements, the presence 

15 or absence of an Mg liquid phase, and mechanical characteristics of the magnesium-base composite materials B-1 to 
B-7 (hardness, tensile strength and breaking elongation). 

[0127] Here, "the presence or absence of Mg liquid phase" was observed depending on whether or not there was 
any heat-absorbing peak in the vicinity of 650°C in the DSC measured results, in other words, when there was a heat- 
absorbing peak, this was caused by latent heat at the time of Mg liquid-phase appearance; therefore. It was concluded 
20 that "Mg liquid phase" was "present 11 . 

[0128] Moreover, the hardness, tensile strength and breaking elongation were respectively measured by the following 
methods. 

< Measurements on hardness> 

25 

[0129] Hardness measurements were performed by using a Micro Vickers hardness tester under a load of 0.49 N. 

Measurements on tensile strength> 

30 [0130] Test pieces having a diameter: <|>3.5mm and parallel portions: 14 mm were prepared. Each test piece was 
attached to a 10 ton autograph, and a tensile load was applied thereto at a shifting speed of 0.5 mm/min to perform a 
tensile test This, a value obtained by dividing the load at which the test piece had been ruptured by the rupture area 
of the sample was measured as the tensile strength . 

. 35 Measurements on breaking elongate n> 

[0131] The breaking elongation was calculated based on the maximum displacement amount in an area (plastic 
deformation area) separated from a straight line having a constant gradient in a load-displacement curve obtained on 
chart paper during the tensile strength testing process. 
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[0132] The compressed powder molded bodies A-1 to A-5, which had a void content in accordance with the present 
invention, were applied so that it became possible to form Mg^l in a solid phase without causing a Gquid phase of Mg. 
Moreover, as a result, composite materials B-1 to B-5 In which fine Mg^i was dispersed In a magnesium base element 
were obtained, and as shown in Table 1, It was confirmed that the materials had excellent mechanical characteristics. 
5 [0133] In contrast, when the compressed powder molded bodies Ar6 and A-7, which had a void content that was out 
of the definition of the present invention, were applied to form composite materials, MggSi was formed not only in a 
solid phase, but also in a liquid phase. Therefore, composite materials B-6 and B-7 in which coarse M^Si grains were 
formed were obtained; consequently, as shown m Table 1 , there was extreme degradation In the mechanical properties 
in the composite materials B-6 and B-7. 

w 

(Example 2) 

[0134] As starting materials, 85 parts by weight of AZ91D magnesium alloy powder (average particle size: 61 urn; 
nominal composition: Mg-9A1 -IZrVmass %) and 15 parts by weight of Si powder (average particle size: 64 jim) were 

15 prepared . After blending these, the resulting material was evenly mixed by a ball mill to obtain mixed powder. A circular 
metal mold having a diameter of 11 .3 mm was filled with the resulting mixed powder, and a load having a face pressure 
of St/cm 2 was applied thereto, thereby forming a compressed powder molded body A-8. The void content thereof was 
measured to find that It showed 12.3%, which satisfied the range defined by the present Invention. 
[0135] The compressed powder molded body A-8, obtained as described above, was inserted Into a tubular fUmace 

20 through which nitrogen gas (gas flow rate: 2 dm3/min) was allowed to flow, and after having been heated at the re- 
spective heating temperatures shown in Table 2 for 30 minutes, and maintained , this was cooled to normal temperature 
in the furnace to provide composite materials B-8 to B-1 4. A structure observation by an optical microscope and X-ray 
diffraction processes were performed on these materials B-8 to B-14 so that the presence or absence of synthesized 
Mg 2 Si and the residual Si were confirmed. Table 2 shows the results of these. 
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[0136] As indicated by the composite materials B-8 to B-12, it has been confirmed that the heating process in an 
appropriate temperature range allows the reaction between Mg and Si to progress to synthesize Mg^SI. Moreover, in 
these materials, all the added Si powder contributes to the reaction with Mg so that no Si powder remains in the material 
after the Mg^Si synthesizing reaction, 
s [0137] in contrast as Indicated by the composite materials B-13 and B-14 r It was confirmed that the heating process 
in a temperature range lower than the appropriate temperature range prevents the reaction of Mg and Si from pro- 
gressing, failing to synthesize Mg^Si. Moreover, It was confirmed that Si powder remains in the composite materials 
B-13 and B-14. 

" (Example 3) 

[0138] Pure Mg powder (average particle size: 112 jim) and Si powder (average particle size: 64 jim) were prepared 
as starting materials, and the two materials were mixed so as to have a blended composition as shown in Table 3, 
thereby obtaining mixed powder. A circular metal mold having a diameter of 1 1 .3 mm was fiDed with the resulting mixed 
15 powder, and a load having a face pressure of 6 t/cm 2 was applied thereto, thereby forming green compact molded 
bodies A-9 to A- 15. The void contents of these molded bodies A-9 to A- 15 were measured to obtain values of 8.9 to 
11%, each of which satisfies the range defined by the present invention. 

[01 39] Each of the compressed powder molded bodies A-9 to A- 15, obtained as described above, was inserted into 
a tubular furnace through which nitrogen gas (gas flow rate: 2 drrfrmin) was allowed to flow, with the temperature 
2D inside thereof being controlled to 560°C, and after having been heated and maintained for 1 5 minutes, this was cooled 
to normal temperature in the furnace to obtain composite materials B-15 to B-21. With respect to these materials B- 
15 to B-21, the external appearance was observed, and elements and compounds composing the material were iden- 
tified by X-ray diffraction measurements. Table 3 shows the results thereof. 
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[0140] Table 3 shows that by setting the blend ratio of Mg end Si that ere starting materials to an appropriate value 
(A-9 to A- 13), a composite material (B-15 to B-19) having excellent shape and external appearance, and containing 
Mg^i and Mg is obtained; in contrast, when the blend ratio is not an appropriate value (A-14 and A-15), a material (B- 
20 and B-21) containing Mg^i and Mg fails to have sufficient strength, and is susceptible to damages upon transpor- 
s tation is obtained. 

(Example 4) 

10141] Pure Mg powder (average particle size: 223 pm) and SI powder (average particle size: 1 05 \in\) were prepared 
*0 as starling materials, and the two materials were mixed so as to have a blended composition as shown in Table 4, 
thereby obtaining mixed powder. A circular metal mold roving a diameter of 34 mm was filled with the resulting mixed 
powder, and a load having a face pressure of 6 t/cm 2 was applied thereto, thereby forming compressed powder molded 
bodies A-16 to A-22. Trie void contents of these molded bodies A-1 6 to A-22 were measured to obtain values of 6.3 
to 10.7%, each of which satisfies the range defined by the present invention, 
is [0142] Each of the compressed powder molded bodies A-16 to A-22, obtained as described above, was inserted 
into a tubular furnace through which nitrogen gas (gas flow rate: 3 drrrVmin) was allowed to flow, with the temperature 
inside thereof being controlled to 580*0, and after having been heated and maintained for 15 minutes, this was imme- 
diately solidified to a relative density of not less than 99% through a powder forging method to obtain composite ma- 
terials B-22 to B-28. Herein, the conditions of the powder forging method were set to metal-mold temperature: 250°C; 
20 face pressure: 8 t/cm 2 , and a water-soluble lubricating agent was appGed to the metal mold side walls from the viewpoint 
of prevention of agglutination between the solid body and the metal mold. 

<Average corrosion a peed > 

25 [0143] Wfth respect to the composite materials B-22 to B-28, the average corrosion speed was measured. In these 
measurements, a cube (10 mm x 10 mm x 10 mm in thickness) was taken from each of the materials B-22 to B-28 
through a machining process, and this was then polished by emery paper to prepare a test piece. This test piece was 
evaluated on its corrosion resistance by using a 5% salt-water atomizing test (100 hr). The average corrosion speed 
was calculated from weight changes before and after the test, and used as indexes of the corrosion resistance eval- 

30 uation. Table 4 also shows the results thereof. Herein, Table 4 also shows the amount erf Mg^i (calculated value from 
blended composition). 
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[0144] Table 4 shows that the composite materials B-22 to B-26 have excellent oomosion resistance. In contrast, the 
materials B-27 and B-28, which contain a small amount of Mp^Sl, are poor in corrosion resistance. 

(Example 101) 

9 

[0145] As starting materials, 85 parts by weight of pure Mg powder (average particle size: 168 \un) and 15 parts by 
weight of Si powder (average particle size: 58 Jim) were prepared. After blending these, the resulting material was 
mechanically ground, mixed and press-bonded for 5 hours by using a rotary ball mfll to obtain composite powder X- 
101. A circular metal mold having a diameter of 34 mm was filled with the resulting composite powder X-101, and a 

io load having a face pressure of 6 t/cm 2 was applied thereto, thereby forming a compressed powder molded body A-101 . 
[0146] Moreover, a compressed powder molded body A-1 02, which had the same composition as the compressed 
powder molded body A-101 , but was not subjected to the rotary ball mill process of 5 hours, was formed. 
[0147] In a separated manner from the compressed powder molded body A-101 , the following tubular furnace was 
prepared . In other words, the tubular furnace in which nitrogen gas (gas flow rate: 3 dm^/min) was allowed to flow, with 

ts the inner temperature thereof being controlled in the vicinity of 1 00 to 500° C shown in Table 1, was prepared. Either 
the compressed powder molded body A-101 or A-1 02, obtained as described above, was inserted into the tubular 
furnace, and after having been heated and maintained for 5 minutes, this was immediately solidified to a relative density 
of not less than 99% through a powder forging method to provide magnesium-base composite materials B-101 to B- 
110. Herein, the conditions of the powder forging method were set to metal-mold temperature: 250°C; face pressure: 

20 8 t/cm 2 , and a water-soluble lubricating agent was applied to the metal mold side wails from the viewpoint of prevention 
of agglutination between the solid body and the metal mold. 

[0148] Table 101 shows characteristics of the compressed powder molded body A-101 or A-102 and the magnesium- 
base composite materials B-101 to B-110. In Table 101 , "the presence or absence of Mg^Si" was observed through X- 
ray diffractions. Further, "the hardness 1 ' is a value obtained by a Rockwell tester of scale E. The tensile strength" was 
26 measured by the above-mentioned method. 
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[0114®] Run Not. 101 to 105, which used composite powder in accordance with the present invention and had a low 
heating temperature in a range of 150°C to 343°C, made it possible to obtain a composite material with high hardness. 
Run Nos. 106 and 107 were confirmed to generate MgjSi since it used composite powder in accordance with the 
present invention; however, its hardness was lower than desired hardness. This is because the heating temperature 
9 was too high to allow Mg^i particles to become coarse. Moreover, although it used composite powder in accordance 
with the present invention, Run No. 108 was not confirmed to generate Mq^Sa since its heating temperature was too 
low, and also failed to provide sufficient hardness. Runs Nos. 1 09 and 1 1 0 did not use composite powder in accordance 
with the present invention, and its heating temperature was too low; therefore, Runs Nos. 109 and 110 were not con- 
firmed to generate Mg^i. Of course, these failed to provide sufficient hardness. 

10 

(Example 102) 

ims®} As starting materials, 90 parts by weight of AZ91D magnesium aOoy powder (average particle size: 61 pxn; 
nominal composition: Mg-9A1 -1Zn/mass %) and 10 parts by weight of Si powder (average particle size: 64 urn) were 
15 prepared. After blending these, the resulting material was mechanically ground, mixed and press-bonded for 4 hours 
by using a vibration ball mill to obtain composite powder. A circular metal mold having a diameter of 34 mm was filled 
with the resulting composite powder, and a load having a face pressure of 6 t/cm 2 was applied thereto, thereby forming 
a green compact molded body A-103. 

flDISfl Moreover, a compressed powder molded body A-1 04, which had the same composition as the compressed 
20 powder molded body A-103, but was not subjected to the vibration ball mill process of 4 hours, was formed. 

[<H52] In a separated manner from the compressed powder molded body A-103 or A- 104, the following tubular 
furnace was prepared. In other words, the tubular furnace in which nitrogen gas (gas flow rate: 3 drr^/min) was allowed 
to flow, with the inner temperature thereof being controlled in the vicinity of 80 to 530°C shown in Table 1 , was prepared. 
Either the compressed powder molded body A-1 03 or A-1 04, obtained as described above, was inserted into the tubular 
25 furnace, and after having been heated and maintained for 5 minutes, this was immediately solidified to a relative density 
of not less than 99% through a powder forging method to provide magnesium-base composite materials B-111 to B- 
120. Herein, the conditions of the powder forging method were set to metal-mold temperature: 250°C; face pressure: 
6 t/cm 2 , and a water-soluble lubricating agent was applied to the metal moid side walls from the viewpoint of prevention 
of agglutination between the solid body and the metal mold. 
30 [CUSS] Table 102 shows characteristics of the compressed powdermolded body A-1 03 or A-1 04 and the magnesium- 
base composite materials B-111 to B-120. In Table 102, "the presence or absence of Mg^r was observed through X- 
ray diffractions. Further, The hardness" is a value obtained by a Rockwell tester of scale E in the same manner as 
described above. 
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[OH £3] Run Nos. 111 to 115, which used composite powder in accordance with the present invention end had a tow 
heating temperature in a range of 150°C to 346°C, made it possible to obtain a composite material with high hardness. 
Run Nos. 116 and 117 were confirmed to generate Mg 2 SI since it used composite powder in accordance with the 
present invention; however, its hardness was lower than desired hardness. This is because the heating temperature 
s was too high to make Mg^Si particles become coarse. Moreover, although it used composite powder in accordance 
with the present invention, Run No. 118 was not confirmed to generate Mg 2 Si since its heating temperature was too 
low, and also failed to provide sufficient hardness. Runs Nos. 1 09 and 11 0 did not use composite powder in accordance 
with the present invention, and its heating temperature was too low; therefore, Runs Nos. 109 and 110 were not con- 
firmed to generate Mg^i. Of course, they failed to provide sufficient hardness. 

10 

(Example 103) 

[OH 35] A disc (diameter 50 mm, thickness 3 mm) made of pure W3g (pureness 99.85%) and the composite powder 
X-101 of example 1 01 were prepared. The disc was prepared with the composite powder X-101 being placed on one 

is surface of the <fisc, and this was inserted into a furnace through which nitrogen gas (gas flow rate: 3 dmfynin) with the 
temperature thereof being controlled to 160°C, and heated and maintained for 5 minutes. Thereafter, a face pressure 
8 t/cm 2 was applied thereto by using a hydraulic press so that a clad plate member on which the magnesium-base 
composite powder adhered to the magnesium round plate was formed. This was again inserted into the furnace in an 
nitrogen gas atmosphere, and heated at a temperature of 250*0 and maintained for 10 minutes. 

20 [OH S3] With respect to the resulting composite material, the presence or absence of any Mg^i peak was confirmed 
by X-ray diffraction, and after having been polished by emery paper, this was then evaluated on its corrosion resistance 
by using a 5% salt-water atomizing test (100 hr). The average corrosion speed was calculated from weight changes 
before and after the test, and used as indexes of the corrosion resistance evaluation. 

[OUST] As a result of the X-ray diffraction, an Mg^Si peak was confirmed on the surface which was clad with the 
composite powder X-101. Moreover, the observation of an optical microscope showed that the magnesium-base com- 
posite was preferably joined to magnesium serving as a matrix material. In contrast, as a result of XRD, no peak of 
Mg 2 Si was observed on the surface bearing no composite powder X-101, with only the magnesium peak being ob- 
served. 

As a result of the corrosion resistance test, the average corrosion speed on the clad surface side was 0.014 
30 g/rrfthn in contrast, the average corrosion speed on the Mg plate member without cladding was 051 g/mZ/hr. In other 
words, it was confirmed that the magnesium-base composite material with cladding makes it possible to improve the 
corrosion resistance greatly. 

(Example 201) 

35 

im 5S] A231D magnesium alloy powder (average particle size: 252 urn) and Si powder (average particle size: 42 
jim) were prepared as starting materials. After blending the AZ31 powder and Si powder at a ratio shown in Table 201 , 
the resulting material was evenly mixed by using a bail mill to obtain mixed powder. Next, 25 g of each mixed powder 
was put into a cylindrical metal mold (made of cemented carbide alloy) having an inner diameter of 35 mm, attached 

40 to a 1 00 ton screw-type press-working machine. As shown in Figs. 6(a) to 6(g), a plastic treatment by using a backward 
extrusion method using a pushing punch (made of SKD 1 1 steel) was repeatedly performed to finally obtain a solid body. 
[mw\ Herein, the diameter of the pushing punch was 28 mm, and the punch fop portion had a semi-circular shape 
with a radius of 14 mm. Moreover, upon application of pressure by using a compression punch, the relative density of 
the solid body was 88%, end the entire length (height) of the solid body was 30 mm. Moreover, during the repeated 

45 plastic treatment process, the number of cycles shown in Table 201 was used. Herein, with respect to the cycles, one 
time of a pressure applying process by the compression punch and one time of a backward extrusion process by the 
insertion of the pushing punch are set to one cycle. 

[OH Bfl] Each of the resulting solid body was inserted into a tubular furnace (inner furnace temperature: 500°C) through 
which nitrogen gas (gas flow rate: 3 dmVmin) was allowed to flow, and heated and maintained for 10 minutes, and the 

50 resulting molded body was taken out of the furnace, and this was immediately subjected to a warm extrusion method 
to obtain rod-shaped magnesium-base extruded composite materials M-1 to M-13 having a diameter of 7 mm. Herein, 
the warm extrusion conditions were: extrusion die temperature: 300° C and extrusion ratio: 37. 
[011(32] With respect to the resulting magnesium-base extruded composite materials M-1 to M-13, structure obser- 
vations were performed by using (1) X-ray diffraction measurements and (2) an optical microscope, a scanning electron 

55 microscope (SEW) and a transmission-type electron microscope (TEM). Herein, with respect to the (2) structure ob- 
servation, image analyses were performed on 10 visual fields by using binary processes so that the particle size of 
Mg 2 Si particles was calculated. Table 201 also shows the results thereof. Moreover, with respect to the magnescum- 
base extruded composite materials M-1 to M-13. the tensfle strength o, Micro Victors hardness Hv, Rockwell hardness 
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(E scale) HRE end rigidity (Young's Modulus) were measured. Table 201 also shows the results thereof. 
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[01(83] With respect to Mg-base composite materials M-1 to M-9, it was confirmed that Mg^i grains were dispersed 
in each of the resulting Mg-base composite materials through structure observations by using an optical microscope, 
a scanning electron microscope (SEM) and a transmission-type electron microscope (TEM). 
[OlfcO] Moreover, as shown in Table 201, the Mg-base composite materials M-1 to tVJ-9 were desired mechanical 
5 characteristics such as tensile strength, Victors hardness and rigidity. These mechanical characteristics are dependent 
on the amount of Si and the number of cycles of plastic treatment used upon preparation of the composite material 
and Mg^i particle sizes in the resulting material. 

[OH 85] For example, in comparison with M-7 to M-9, even in the case of the same amount of Si, an increase in the 
number of cycles of plastic treatment mates the resulting Mg^i grain size smaller, thereby increasing the values of 
10 the mechanical characteristics of the Mg-base extruded composite material. 

[01®S] With respect to the Mg-base composite material M-10, since no Si powder was contained as the starting 
material, no Mg^i grains are generated. Therefore, the resulting Mg-base composite material M-10 was poor in the 
mechanical characteristics such as tensile strength, Victors hardness and rigidity, and failed to provide desired char- 
acteristics. 

15 [©HOT] Although the Mg-base composite material M-11 contained Si powder as its starting material, the amount 
thereof was set to a low level of 1%; therefore, the resulting Mg-base composite material M-11 was poor in the me- 
chanical characteristics, and foiled to provide desired characteristics. 

pDiaq With respect to the Mg-base composite material M-12, the amount of Si serving as its starting material was 
set to a high level of 1 3% so that desired characteristics were obtained in its mechanical characteristics (tensile strength, 
20 Vtckers hardness and rigidity); however, the toughness (elongation) thereof was considerably lowered to 0%, causing 
a problem with the cutting property of the extruded material due to tool abrasion. 

[01G8J] The Mg-base composite material M-1 3 was a material obtained by simply applying a compressing process 
to the mixture of the AZ31 alloy powder and Si powder without applying the repeated plastic treatment thereto. There- 
tore, the Si particles were not sufficiently ground, with the result that the Mg^i grain size (35 to 52 jim) in the resulting 
29 Mg-base extruded composite material M-1 3 was approximately the same as the particle size (average particle size: 
42 iim) of Si powder serving as the starting material, which was relatively large; consequently it was not possible to 
provide desired mechanical properties. 

(Example 202) 

30 

[01170] AM60 magnesium alloy chips (length: 2 to 5 mm) and SiOg powder (average particle size: 68 *im) were pre- 
pared as starting materials. After blending these two materials at a ratio shown in Table 202, the resulting material was 
evenly mixed by using a ball mill to obtain mixed powder. Next, 25 g of each mixed powder was injected into a cylinder- 
shaped metal mold (made of cemented carbide alloy) having an inner diameter of 35 mm, attached to a 100 ton screw- 
as type press-working machine. As shown in Figs. 6(a) to 6(g), a plastic treatment by using a backward extrusion method 
using a pushing-use punch (made of SKD 11 steel) was repeatedly performed to finally obtain a solid body. 
[0171] Herein, the diameter of the pushing punch was 28 mm, and the punch top portion had a semi-circular shape 
with a radius of 14 mm. Moreover, upon application of pressure by using a compression punch, the relative density of 
the solid body was 88%, and the entire length (height) of the solid body was 30 mm. The number of cycles shown in 
<o Table 202 was defined in the same manner as Example 201 . 

[0172] Each of the resulting solid body was inserted info a tubular furnace (inner furnace temperature: 520°C) through 
which nitrogen gas (gas flow rate: 3 dmVmin) was allowed to flow, and heated and maintained for 10 minutes, and the 
resulting molded body was taken out of the furnace, and this was immediately subjected to a warm extrusion method 
to obtain rod -shaped magnesium-base extruded composite materials M-1 4 to M-23 having a diameter of 7 mm. 
45 [0173] Herein, the warm extrusion conditions were extrusion die temperature: 3O0°C and extrusion ratio: 37. 

[0174] With respect to the resulting magnesium-base extruded composite materials M-1 4 to M-23, the Si component 
amount was analyzed by ICP. Moreover, the presence or absence of the generated or remaining MgjSi/ftflgO/SiOg was 
confirmed by using X-ray diffraction (XRD). Furthermore, with respect to the magnesium-base extruded composite 
materials M-14 to M-23, the tensile strength o, Micro Victors hardness Hv, Rockwell hardness (E scale) HRE and 
50 rigidity (Young's Modulus) were measured. Table 202 shows the results thereof. Table 202 also shows the grain sizes 
of Mg 2 Si calculated in the same method as example 201. 
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PW5] The Mg-base composite materials M-14 to EW-19 had desired mechanical characteristics. In those cases, the 
grain size of MggSi grains dispersed in the composite material was set to 10 ran to 30 Jim, In particular, 10 nm to 800 
ran. Herein, as shown in Table 202, even when the composite material contained MgO or MgO and SIO2, it was allowed 
to exert desired mechanical characteristics. 
s [0*076] In comparison with the magnesium-base extruded composite materials WM7 to M-19, even in the case of the 
same amount of Si, an increase in the number of cycles of piratic treatment allows the ftflg^i grains formed by a solid- 
phase reaction to have a fine particle size, thereby making it possible to improve the mechanical characteristics of the 
resulting composite material. 

[OH 77] in contrast, any of the magnesium-base extruded composite materials M-20 to M-23 failed to provide desired 
10 tensile strength. The reasons for this are described as follows. 

[0117$] Table 202 shows that, with respect to the composite materials M-20 and M-21 , all the Si component contained 
in the material has been formed into Mg^Si; however, it is considered that, since the amount thereof is small, desired 
mechanical properties are not obtained. 

[OH 79] The composite material M-22 was a material obtained by si mpiy applying a compressing process to the starting 
ts material without applying the repeated plastic treatment thereto. Therefore, the Mg^Si grain size (51 to 95 \w\) in the 
resulting Mg-base extruded composite material was approximately the same as the particle size (average particle size: 
68 nm) of Si0 2 powder serving as the starting material. Consequently, the Si0 2 powder was not finely ground, and it 
was not possible to provide desired mechanical properties. 

[OH 8<q With respect to the composite material M-23, the repeated plastic treatment was performed; however, since 
20 the number of cycles was small , the SiC^ powder was not finely ground in the same manner as the composite material 
M-22, and it was not possible to provide desired mechanical properties. 

(Example 203) 

25 PPHBl] AZ31 magnesium alloy powder (average particle size 252 jim) and Si powder (average particle size: 42 jim) 
were prepared as starting materials. Trie AZ31 powder and Si powder were blended at an Si content of 5% on the 
weight basis. The resulting material was evenly mixed by using a ball mill to obtain mixed powder. Next, 25 g of each 
mixed powder was put into a cylindrical metal mold (made of cemented carbide alloy) having an inner diameter of 35 
mm, attached to a 100 ton screw-type press working machine. As shown in Figs. 6(a) to 6(g), a plastic treatment by 

30 us\ng a backward extrusion method using a pushing-use punch (made of SKD 1 1 steel) was repeatedly performed to 
finally obtain solid bodies S-1 to S-10. 

[01102] Herein, the diameter of the pushing punch was 30 mm, and the punch top portion had a semi-circular shape 
with a radius of 1 5 mm. Moreover, the applied pressure by the compression punch was adjusted so as to set the relative 
density of the resulting solid body to a value shown in Table 203. The number of cyctes shown in Table 203 was defined 

38 in the same manner as example 201 . 

[01] S3] With respect to the mixed solid body obtained by the repeated plastic treatment based on a predetermined 
number of cycles, structure observations were performed by using an optical microscope, a scanning electron micro- 
scope (SEM) and a transmission-type electron microscope (TEM). Here, with respect to 10 visual fields observed, 
image analyses were performed by using binary processes so that the grain sizes of Si and Mg^Si grains of the solid 

40 body S-1 to S-10 were calculated. Table 203 also shows the results thereof. 
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[0184] The solid botSes S-1 to S-7 r which were obtained by sufficiently performing the repeated plastic treatment, 
had MgjSi grains that had been formed into fine grains. Therefore, it is confirmed that the repeated plastic treatment 
processes make it possible to solid-phase synthesize fine Mg^Si grains. Moreover, the solid bodies S-1 toS-6 had fine 
Si grains. The solid bodies S-1 to S3 having fine, unreacted Si grains are then subjected to a heating process and a 
s warm plasticization treatment process so that It also becomes possible to synthesize all the unreacted Si grains Into 
Mg 2 Si grains, in general, it is considered that the Mg^Si grains, obtained through these processes, are dependent on 
the grain size of the unreacted Si grains so that the Mg 2 Si grains of the Mg-base composite material, obtained by 
performing heating steps and warm plasticization treatment steps on the solid bodies S-1 to S-0, are allowed to have 
a fine structure. 

10 Moreover, m comparison with Run Nos. 1 1 1-1 to lll~4, there is a difference in the relative density in the solid 

bodies. In other words, by increasing the relative density, H becomes possible to further finery grind the Si powder. 
[0DS3] In contrast, the solid bodies S-8 to S-10 were not subjected to the repeated plastic treatment (S-6), or were 
not subjected to a sufficient amount of repeated plastic treatment (S-8 and S-1 0); therefore, the resulting grain size of 
Mg 2 Si became approximately 30 \w\ or more. The unreacted Si grains, contained in the solid bodies S-8 to S-10, were 

15 also set to approximately 30 or more. Therefore, it is considered that, even when the solid bodies S-8 to S-10 are 
then subjected to the heating process and warm piasticization treatment process, the grain size of the resulting M^Sl 
becomes approximately 30 \um or more, depending on the unreacted a grain size. 

Industrial Applicability 

20 

[01167] Since the magnesium-base composite material of the present invention has high strength, high abrasion 
resistance and high corrosion resistance in addition to its fight-weight property, it is applicable to structural part mate- 
rials, such as car parts and electric appfiance parts, in which these properties are simultaneously demanded, as well 
as medical and welfare tools and protective tools such as caring beds, wheel chairs, canes and go-carts. 

& Moreover, the magnesium-base composite powder used in the manufacturing method of the present invention 

is applicable in the following manner: the powder is subjected to a plastic treatment such as pressing-compressing/ 
rolling processes at normal temperature or a warm temperature, while being placed on a magnesium alloy plate, and 
then subjected to the heating step used in the present invention so that a clad plate member in which the magnesium- 
base composite powder of the present invention is contact-bonded to the magnesium alloy plate is formed. In other 

30 words, the clad plate member in which Mg 2 Si particles are dispersed only in the surface of the magnesium alloy plate, 
with the Mg^i particles being firmly joined to the magnesium alloy plate, can be prepared. This clad plate member 
has excellent corrosion resistance and abrasion resistance because of the Mg 2 Si grains that have been evenly dis- 
persed, and suitably applied to structural parts such as light-weight pipes. 

[OH®©] Furthermore, the magnesium-base composite material of the present invention is subjected to secondary 
35 and/or tertiary processes such as cutting, forging, bending and joining processes, if necessary, to form the following 
products. With respect to products to which the magnesium-base composite material of the present invention is appli- 
cable, examples thereof include a wide range of products as shown below, and It is applicable to those products to 
which aluminum alloys have been conventionally applied. 

«o (1) Raw materials, intermediate products, finished products and assembled products 

[OH&rjrj Raw materials, intermediate products, finished products and assembled products formed by various process- 
es, such as welding, fusion welding, brazing, bonding, thermal cutting, thermal processing, forging, extruding, drawing, 
rolling, shearing, plate molding, roll molding, form rolling, spinning, bending, leveling, high-energy speed machining, 
<*5 powder machining, various cutting processes and grinding processes; and composite products in which these products 
are combined with other material products. Raw materials, intermediate products, finished products and assembled 
products that have been subjected to various surface treatments such as metal coating, chemical conversion coating, 
surface curing, non-metal coating and painting, and composite products in which these products are combined with 
other material products. 

so 

(2) Parts for transport equipment 

55 (2-1) Car and motorcycle parts: transmission parts such as a valve spool and a bearing. Engine parts such as a 
tappet, a lifter and a retainer. Interior parts such as a handle. 
(2-3) Parts for railroad vehicle: large-size screws and large-size bolts. 
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(3) Paris for electric appliance 
[0192] 

(3-1) Parts for audio-visual equipment parts for an amplifier, a video player, a cassette player, a CD player and 
an LD player, such as an adjustment thumb screw, legs, a chassis and a speaker com. 
(3-2) Parts for domestic electric appliance: washing-machine parts, such as a casing and a washer vessel. 
(3-3) Sewing machines and parts tor sewing machine: for example, sewing machine arms. 

(4) Housing products 
[0183] 

(4-1) Interior products: living-room products such as chandelier parts, illumination parts and decorative ornaments. 
Furniture parts such as chair legs, table legs, a table plate, hinges, handles, rails, and adjusting screws for shelves. 

(5) Parts for precision machine 
[0184] 

(5-1) Optical equipment and measuring-instrumentation parts: parts for cameras, telescopes, microscopes and 
electron microscopes, such as a body, a mount and a lens case. 

(5-2) Parts for watch: parts for wrist watches, clocks and docks to stand on a table, etc , such as a body, chenille, 
gears and a pendulum. 

(6) Sports products and weapons 

[0195] Golf club parts such as a shaft, a head, a toe, a heal and a sole. Bicycle products such as a transmission 
gear, a frame and a handle. 

(7) Medical instruments 

[0186] Bed frames, therapeutic tool parts and the like. 

(8) Welfare caring tool and parts for welfare caring tool 
[0197] Wheel chairs, caring beds, parts therefor and the like. 



Claims 

1. A magnesium-base composite material comprising magnesium silicide (Mg^Si) dispersed in a matrix containing 
magnesium (Mg), the magnesium-base composite material having an amount of Si of not less than 2 parts by 
weight to not more than 1 0 parts by weight and an amount of MgjSi of not less than 3 parts by weight to not more 
than 27.5 parts by weight, with respect to 100 parts by weight of the magnesium-base composite material, and 
having a tensile strength of not less than 100 MPa to not more than 500 MPa. 

2. A magnesium-base composite material comprising magnesium silicide (MgjSi) dispersed in a matrix containing 
magnesium (Mg), the magnesium-base composite material having an amount of Si of not less than 2 parts by 
weight to not more than 10 parts by weight and an amount of Mg2Si of not less than 3 parts by weight to not more 
than 27.5 parts by weight, with respect to 100 parts by weight of the magnesium-base composite material, and 
having a tensile strength of more than 350 MPa to not more than 500 MPa. 

3. The magnesium-base composite material according to claim 1 or 2, wherein Mg 2 SI is dispersed in the composite 
material as grains, and has a grain size of not less than 10 nm to not more than 30 jim. 

4. The magnesium-base composite material according to claim 3, wherein Mg2Si has a grain size of not less than 
100 nm to not more than 10 pm. 
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5- The magnesium-base composite material acconEng to any of claims 1 to 4, wherein said magnesium-base com- 
posite material further comprises magnesium oxide (MgO) and/or silica (SlOfc). 

S. The magnesium-base composite material accorcfing to any of claims 1 to 5, wherein said magnesium-base com- 
* poslte material has a Micro Vickers hardness (Hv) of 80 to 125. 

7. The magnesium-base composite material according to any of claims 1 to 6, wherein said magnesium-base com- 
posite material has a Rockwell hardness (E scale)(HRE) of 40 to 120. 

to a The magnesium-base composite material according to any of claims 1 to 7, wherein said magnesium-base com- 
posite material has a rigidity of 47 to 65 GPa. 

8. A magnesium-base composite material comprising magnesium silicide (Mg^i) dispersed in a matrix containing 
magnesium (Wig), the magnesium-base composite material having at least one kind of characteristics selected 

is from the following groups (A) and (B): 

(A) said magnesium-base composite material has a Rockwell hardness (E scale) of not less than 40 to not 
more than 1 05, and/or said magnesium-base composite material has a Rockwell hardness (E scale) greater 
than that of a base material obtained by removing the magnesium silicide from said magnesium-base com- 

2D posrte material by a value of not less than 20 to not more than 80; and 

(B) said magnesium-base composite materiel has a tensile strength of not less than 100 MPato not more than 
350 MPa, and/or said magnesium-base composite material has a tensile strength greater than that of said 
base material by a value of not less than 20 MPa to not more than 100 MPa. 

25 hid. a magnesium-base composite material comprising magnesium silicide (MgzSi) dispersed in a matrix containing 
magnesium (Mg), the magnesium-base composite material having a tensile strength of not less than 100 MPa to 
not more than 350 MPa. 

H 1 . The magnesium-base composite material accorcfing to claim 1 0 r wherein said magnesium-base composite material 
30 has a Rockwell hardness (E scale) of not less than 40 to not more than 105. 

112. A magnesium-base composite material comprising magnesium silicide (Mg^i) dispersed in a matrix containing 
magnesium (Mg), the magnesium-base composite material having a Rockwell hardness (E scale) of not less than 
40 to not more than 105. 

35 

13. The material according to any of claims 9 to 12, wherein said MgjSi is set to not less than 3 wt% with respect to 
100 wt% of said magnesium-base composite material. 

114. A magnesium-base composite material comprising magnesium silicide (Mg^Si) dispersed in a matrix containing 
40 magnesium (Mg), the magnesium-base composite material having at least one kind of characteristics selected 

from the following groups (A) and (B): 

(A) said magnesium-base composite material has a Rockwell hardness (E scale) of not less than 40 to not 
more than 95, and/or said magnesium-base composite material has a Rockwell hardness (E scale) greater 
than that of a base material obtained by removing the magnesium silicide from said magnesium-base com- 
posite material by a value of not less than 20 to not more than 40; and 

(B) said magnesium-base composite material has a tensile strength of not less than 1 00 M Pa to not more than 
280 MPa, and/or said magnesium-base composite material has a tensile strength greater than that of said 
base material by a value of not less than 20 MPa to not more than 50 MPa. 

115. A magnesium-base composite material comprising magnesium silicide (Mg 2 Si) dispersed in a matrix containing 
magnesium (Mg), the magnesium-base composite material having a tensile strength of not less than 100 MPa to 
not more than 280 MPa. 

35 Hi. The magnesium-base composite material according to claim 15, wherein said magnesium-base composite material 
has a Rockwell hardness (E scale) of not less than 40 to not more than 95. 
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117. A magnesium-base composite material comprising magnesium silicide (Mg^i) dispersed in a matrix containing 
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magnesium (Mg), the magnesium-base composite material having a Rockwell hardness (E scale) of not less than 
40 to not more than 95. 

18. The material according to any of claims 14 to 17, wherein said Mg-jSi is set to not less than 3 wt% with respect to 

9 1 00 wt% of said magnesium-base composite material . 

19. The magnesium-base composite material according to any of claims 9 to 18, wherein Mg^Si is dispersed in the 
composite material as grains, and has a grain size of not less than 10 nm to not more than 30jim. 

10 20. The magnesium-base composite material according to claim 19 r wherein Mg^i has a grain size of not less than 

100 nm to not more than 10 \un. 

21 . The magnesium-base composite material according to any of claims 9 to 20, wherein Si is set to not less than 2 
parts by weight to not more than 10 parts by weight with respect to 100 parts by weight of said magnesium-base 

15 composite material. 

22. The magnesium-base composite material according to any of claims 9 to 2 1 , wherein Mg^Si is set to not less than 
3 parts by weight to not more than 27.5 parts by weight with respect to 100 parts by weight of said magnesium- 
base composite material. 

20 

23. The magnesium-base composite material according to any of claims 9 to 22, raid magnesium-base composite 
material further comprises magnesium oxide (MgO) and/or silica (SiCy. 

24. The magnesium-base composite material according to any of claims 9 to 23, wherein said magnesium-base com- 
& posite material has a Micro Vlckers hardness (Hv) of 80 to 125. 

25. The magnesium-base composite material according to any of claims 9 to 24, wherein said magnesium-base com- 
posite material has a rigidity of 47 to 65 QPa. 

30 28. A product made of the magnesium-base composite material according to any of claims 1 to 25. 

27. The product according to claim 26, selected from the group consisting of: a raw material, an intermediate product, 
a finished product and an assembled product; a part for transport equipment; a part for electric appliance; a housing 
product; a part for precision machine; a sports product and a weapon; a medical instrument; and a welfare caring 

35 tool. 

28. A manufacturing method of a magnesium-base composite material comprising magnesium silicide (Mp^Si) dis- 
persed in a matrix containing magnesium (Mg), the method comprising the steps of: 

4 o (a) blending a first material containing Mg and a second material containing Si at a predetermined ratio to 

prepare a blended powder; 

(b) performing a plastic treatment on the resulting blended powder to form a solid body; 

(c) heating the solid body to allow Mg and Si to react with each other, thereby forming a heat solid body 
containing Mg2Si; and 

** (d) performing a warm piasticization treatment on said heat solid body. 

29. The method according to claim 28, wherein said composite material has a tensile strength of not less than 100 
MPa to not more than 500 MPa. 

50 30. The method according to claim 28, wherein said composite material has a tensile strength of not less than 100 
MPa to not more than 350 MPa. 

31. The method according to claim 26, wherein said composite material has a tensile strength of greater than 350 
MPa and not more than 500 MPa. 

65 

32. The method according to any of claims 28 to 31, wherein in said solid body forming step (b), the blended powder 
is mixed powder of a first material and a second material, and a container is filled with the mixed powder and a 
pressure is applied thereto, thereby obtaining said solid body as a compressed powder molded body having a void 



40 



EP1433862A1 



content of not more than 35%. 

S3. The method according to any of claims 28 to 31, wherein in said solid body forming step (b), said blended powder 
» prepared as an aggregation of composite powder formed by dispersing Si in matrix powder containing Mg, and 
s a container is fiOed with the aggregation of composite powder and a pressure is applied thereto, thereby obtaining 

said solid body as a compressed powder molded body. 

34. The method according to any of claims 28 to 31, wherein in said solid body forming step <b), after filling a metal 
mold or a container with said blended powder, said blended powder is subjected to a compressing deformation 

10 process, an extruding deformation process or a backward extruding process, or a desired combination of these 

processes, each material of said blended powder is mixed and/or ground, end then a pressure Is applied thereto, 
thereby obtaining said solid body. 

35. The method according to any of claims 28 to 34 P wherein in said solid body forming step (b), the blended matter 
15 is subjected to a plastic treatment to form a solid body containing Mg^ grains having a grain size of not less than 

10 nm to not more than 30 jxm or Mg 2 Si grains having a grain size of not less than 10 nm to not more than 30 \im 
and a second sample having a grain size of not less than 10 nm to not more than 30 pm. 

36. The method according to any of claims 28 to 35, further comprising the step of, after said warm piasticization 
2D treatment step, (e) re-heating the resulting substance. 

37. The method according to any of claims 28 to 36, wherein said warm piasticization treatment step is performed by 
using a warm extruding process or a warm forging process. 

25 38. The method according to any of claims 26 to 36, wherein said warm piasticization treatment step is performed by 
using a warm extruding process. 

39. The method according to any of claims 28 to 36, wherein said warm piastidzation treatment step is performed by 
using a warm forging process. 

30 

40. The method according to any of claims 28 to 39, wherein a heating temperature in said heating step is set to not 
less than 150°C to less than 650°C, preferably not less than 160°C to not more than 600°C, more preferably not 
less than 150°C to not more than 520°C. 

3S 41 . The method according to any of claims 28 to 39, wherein a heating temperature in said heating step is set to not 
less than 350°C to less than 650°C, preferably not less than 350°C to not more than 600°C. more preferably not 
less than 350*0 to not more than 520°C. 

42. The method according to any of claims 28 to 39, wherein a heating temperature in said heating step Is set to not 
*Q less than 150°C to less than 350°C. 

43. The method according to any of claims 36 to 42, wherein a heating temperature in said re-heating step is set to 
not less than 150°C to less than 650°C, preferably not less than 150°C to not more than 600°C, more preferably 
not less than 150°C to not more than 520° C. 

46 

44. The method according to any of claims 36 to 42, wherein a heating temperature in said re-heating step is set to 
not less than 350°C to less than 650°C, preferably not less than 350°C to not more than 600°C, more preferably 
not less than 350°C to not more than 520°C. 

so 45. The method according to any of claims 36 to 42, wherein a heating temperature in said re-heating step is set to 
not less than 150°C to less than 350°C. 

46. The method according to any of claims 28 to 45, wherein said magnesium-base composite material has a Micro 
Victors hardness of 80 to 125. 

65 

47. The method according to any of claims 28 to 46, wherein said magnesium-base composite materiel has a Rockwell 
hardness (E scale) (HRE) of 40 to 120. 
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4a The method according to any of claims 28 to 47, wherein M^Si contained in said magnesium-base composite 
material has a grain size of not less than 10 nm to not mora than 30fim. 

49. The method according to claim 48 r wherein Mg 2 Si contained in the magnesium-base composite material has a 
grain size of not less than 100 nm to not more than 10jim. 

50. The method according to any of claims 28 to 49, wherein an amount of Si contained in said magnesium-base 
composite material Is set to not less than 2.5 parts by weight to not more than 10 parte by weight with respect to 
100 parts by weight of the material. 

51. The method according to any of claims 28 to 50, wherein said magnesium-base composite material further com- 
prises magnesium oxide (MgO) and/or silica (SfO^. 

52. The method according to any of claims 28 to 51, wherein said magnesium-base composite material has a rigidity 
of47to65GPa. 

53. The method according to any of claims 28 to 52, wherein an amount of Mg^Si contained in raid magneaum-base 
composite material is set to not less than 3 parts by weight to not more than 27.5 parts by weight with respect to 
100 parts by weight of the material. 
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FIG. 6 
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